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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 
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PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
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PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
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PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 
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IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 
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BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy
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IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy
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IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
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PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 
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BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery
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PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 
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IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
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BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 
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PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
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PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery
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PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 
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Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy
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IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial
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IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
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PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 
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PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
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PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
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Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery
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PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 
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IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
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BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy
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IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial
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IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 
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PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model
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PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 
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BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery
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PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 
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IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy
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IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
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IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 
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PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 
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PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model
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PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 
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BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery
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PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 
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Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy
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IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial
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PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 
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PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model
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PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 
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BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery
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PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 
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PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
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PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
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Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery
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PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 
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IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
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BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy
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IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial
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IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial
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PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
Author: Joseph Whelan
BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial
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PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 
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PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
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PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

2121



Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy
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IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial
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IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial
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PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study
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BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.
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Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
Author: Paul T R Thiruchelvam
BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study
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BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial
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IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial
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PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
Author: Joseph Whelan
BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
Author: Paul T R Thiruchelvam
BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
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PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 
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Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy
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IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial
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IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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Author: Montagna G
BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
Author: Joseph Whelan
BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study
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BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
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PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
Author: Joseph Whelan
BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial
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PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

3131



Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 
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Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy
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IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
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IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study
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BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 
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PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model
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PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
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Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
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PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 
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IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study
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BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
Author: Sanne A L Bartels
PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
Author: Joseph Whelan
BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 
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PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial

Citation: J ClinOncol. 2022 Nov 16;JCO2201565. 
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1007-1007.
Author: Steven J. Chmura
BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial
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PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 
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Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy
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IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial
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Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
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PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
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BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial
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IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study

Citation: SABCS GS4-02 
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study
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BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

3838



Early Local Therapy for the Primary Site in De Novo Stage IV 
Breast Cancer: Results of a Randomized Clinical Trial (EA2108) 

Citation: J ClinOncol. 2022 Mar 20;40(9):978-987. 
Author: Seema A Khan
PURPOSE: Distant metastases are present in 6% or more of 
patients with newly diagnosed breast cancer. In this context, 
locoregional therapy for the intact primary tumor has been 
hypothesized to improve overall survival (OS), but clinical trials 
have reported conflicting results. 
METHODS: Women presenting with metastatic breast cancer 
and an intact primary tumor received systemic therapy for 4-8 
months; if no disease progression occurred, they were 
randomly assigned to locoregional therapy for the primary site 
(surgery and radiotherapy per standards for nonmetastatic 
disease) or continuing sysmetic therapy. The primary end point 
was OS; locoregional control and quality of life were secondary 
end points. The trial design provided 85% power to detect a 
19.3% absolute difference in the 3-year OS rate in randomly 
assigned patients. The stratified log-rank test and Cox 
proportional hazards model were used to compare OS 
between arms. Cumulative incidence of locoregional 
progression was compared using Gray’s test. Quality-of-life 
assessment used standard instruments. 
RESULTS: Of 390 participants enrolled, 256 were randomly 
assigned: 131 to continued systemic therapy and 125 to early 
locoregional therapy. The 3-year OS was 67.9% without and 
68.4% with early locoregional therapy (hazard ratio 5 1.11; 90% CI, 

0.82 to 1.52; P 5 .57). The median OS was 53.1 months (95% CI, 
47.9 to not estimable) in the systemic therapy arm and 54.9 
months (95% CI, 46.7 to not estimable) in the locoregional 
therapy arm. Locoregional progression was less frequent in 
those randomly assigned to locoregional therapy (3-year rate: 
16.3% v 39.8%; P , .001). Quality-of-life measures were largely 
similar between arms.
CONCLUSION: Early locoregional therapy for the primary site 
did not improve survival in patients presenting with metastatic 
breast cancer. Although it was associated with improved 
locoregional control, this had no overall impact on quality of life
Multi-Institutional Validation of a Mammography-Based Breast 
Cancer Risk Model

Citation: J ClinOncol. 2022 Jun 1;40(16):1732-1740. 
Author: Adam Yala
PURPOSE: Accurate risk assessment is essential for the success 
of population screening programs in breast cancer. Models 
with high sensitivity and specificity would enable programs to 
target more elaborate screening efforts to high-risk 
populations, while minimizing overtreatment for the rest. 
Artificial intelligence (AI)-based risk models have 
demonstrated a significant advance over risk models used 
today in clinical practice. However, the responsible deployment 
of novel AI requires careful validation across diverse 
populations. To this end, we validate our AI-based model, Mirai, 
across globally diverse screening populations. 
METHODS: We collected screening mammograms and 
pathology-confirmed breast cancer outcomes from 

Massachusetts General Hospital, USA; Novant, USA; Emory, 
USA; Maccabi-Assuta, Israel; Karolinska, Sweden; Chang Gung 
Memorial Hospital, Taiwan; and Barretos, Brazil. We evaluated 
Uno’s concordance index for Mirai in predicting risk of breast 
cancer at one to five years from the mammogram.
RESULTS: A total of 128,793 mammograms from 62,185 patients 
were collected across the seven sites, of which 3,815 were 
followed by a cancer diagnosis within 5 years. Mirai obtained 
concordance indices of 0.75 (95% CI, 0.72 to 0.78), 0.75 (95% CI, 
0.70 to 0.80), 0.77 (95% CI, 0.75 to 0.79), 0.77 (95% CI, 0.73 to 0.81), 
0.81 (95% CI, 0.79 to 0.82), 0.79 (95% CI, 0.76 to 0.83), and 0.84 
(95% CI, 0.81 to 0.88) at Massachusetts General Hospital, 
Novant, Emory, Maccabi-Assuta, Karolinska, Chang Gung 
Memorial Hospital, and Barretos, respectively. CONCLUSION 
Mirai, a mammography-based risk model, maintained its 
accuracy across globally diverse test sets from seven hospitals 
across five countries. This is the broadest validation to date of 
an AI-based breast cancer model and suggests that the 
technology can offer broad and equitable improvements in 
care
Effect of peri-tumoral infiltration of local anesthetic prior to 
surgery on survival in early breast cancer 

Citation: ESMO Congress 137MO Annals of Oncology (2022) 33 
(suppl_7): S55-S84. 
Author: R.A. Badwe
BACKGROUND: Preventing initiation of micro metastases from 
early breast cancer by peri-operative intervention has not been 
explored adequately. Local anaesthesia blocks voltage gated 
sodium channels which prevents activation of pro-metastatic 

CONCLUSIONS: Peri-tumoral injection of lidocaine before 
surgery is a simple implementable intervention that can 
reduce 1 of 4 recurrences and 3 of 10 deaths in women with 
early breast cancer. Altering events at the time of surgery can 
prevent metastases in women with early breast 
cancer(CTRI/2014/11/005228).
Intelligent Vacuum-Assisted Biopsy to Identify Breast Cancer 
Patients With Pathologic Complete Response (ypT0 and ypN0) 
After Neoadjuvant Systemic Treatment for Omission of Breast 
and Axillary Surgery

Citation: J ClinOncol. 2022 Jun 10;40(17):1903-1915 
Author: André Pfob
PURPOSE: Neoadjuvant systemic treatment (NST) elicits a 
pathologic complete response in 40%-70% of women with 
breast cancer. These patients may not need surgery as all local 
tumor has already been eradicated by NST. However, 
nonsurgical approaches, including imaging or 
vacuum-assisted biopsy (VAB), were not able to accurately 
identify patients without residual cancer in the breast or axilla. 
We evaluated the feasibility of a machine learning algorithm 
(intelligent VAB) to identify exceptional responders to NST. 
METHODS: We trained, tested, and validated a machine 
learning algorithm using patient, imaging, tumor, and VAB 
variables to detect residual cancer after NST (ypT1 or in situ or 
ypN1) before surgery. We used data from 318 women with cT1-3, 
cN0 or 1, human epidermal growth factor receptor 2–positive, 
triple-negative, or high-proliferative Luminal B–like breast 
cancer who underwent VAB before surgery (ClinicalTrials.gov 
identifier: NCT02948764, RESPONDER trial). We used 10-fold 

cross-validation to train and test the algorithm, which was then 
externally validated using data of an independent trial 
(ClinicalTrials.gov identifier: NCT02575612). We compared 
findings with the histopathologic evaluation of the surgical 
specimen. We considered false-negative rate (FNR) and 
specificity to be the main outcomes. 
RESULTS: In the development set (n 5 318) and external 
validation set (n 5 45), the intelligent VAB showed an FNR of 
0.0%-5.2%, a specificity of 37.5%-40.0%, and an area under the 
receiver operating characteristic curve of 0.91-0.92 to detect 
residual cancer (ypT1 or in situ or ypN1) after NST. 
Spiegelhalter’s Z confirmed a wellcalibrated model (z score 
–0.746, P 5 .228). FNR of the intelligent VAB was lower 
compared with imaging after NST, VAB alone, or combinations 
of both. 
CONCLUSION: An intelligent VAB algorithm can reliably 
exclude residual cancer after NST. The omission of breast and 
axillary surgery for these exceptional responders may be 
evaluated in future trials
Surrogacy of Pathologic Complete Response in Trials of 
Neoadjuvant Therapy for Early Breast Cancer: Critical Analysis of 
Strengths, Weaknesses, and Misinterpretation 

Citation: JAMA Oncol. 2022 Nov 1;8(11):1668-1675. 
Author: Fabio Conforti
IMPORTANCE: The pathologic complete response (pCR) is 
supported by regulatory agencies as a surrogate end point for 
long-term patients’ clinical outcomes in the accelerated 
approval process of new drugs tested in neoadjuvant 

randomized clinical trials (RCTs) for early breast cancer (BC). 
However, a meaningful association between pCR and patients’ 
survival has been proven only at the patient level (ie, 
significantly better survival of patients who achieved pCR 
compared with those who did not), but not at trial level (ie, poor 
association between degree of improvement in pCR rate and 
survival reported across trials). 
OBSERVATIONS: We critically discuss the potential reasons of 
such discrepancy between pCR surrogacy value at the patient 
and trial level, as well as the relevant implications for both 
clinical research and drug regulatory policy. We also describe 
alternative surrogate end points, including combined end 
points that jointly analyzed pathological response and 
event-free survival data, or the assessment of circulating tumor 
DNA (ctDNA). Such proposed surrogate end points could 
overcome limits of pCR and provide a reasonable trade-off 
between the 2 conflicting needs to have access to effective 
therapies rapidly, and to reliably assess patients’ clinical 
benefit. 
CONCLUSIONS AND RELEVANCE: Using surrogate end points 
to grant drug approvals is justified only when they can provide 
accurate prediction of a drug’s effect on the long-term patient 
outcomes. Evidence currently available does not support pCR 
used alone as a reliable surrogate end point in regulatory 
neoadjuvant RCTs for BC. The surrogacy value at trial level of 
potentially more robust surrogate end points needs to be 
urgently tested.

Eliminating breast surgery for invasive breast cancer in 
exceptional responders to neoadjuvant systemic therapy: A 
multicentre, single-arm, phase 2 trial 

Citation: Lancet Oncol. 2022 Dec;23(12):1517-1524. 
Author: Henry M Kuerer
BACKGROUND: Neoadjuvant systemic therapy (NST) for 
triple-negative breast cancer and HER2-positive breast cancer 
yields a pathological complete response in approximately 60% 
of patients. A pathological complete response to NST predicts 
an excellent prognosis and can be accurately determined by 
percutaneous image-guided vacuum-assisted core biopsy 
(VACB). We evaluated radiotherapy alone, without breast 
surgery, in patients with early-stage triplenegative breast 
cancer or HER2-positive breast cancer treated with NST who 
had an image-guided VACB-determined pathological 
complete response. 
METHODS: This multicentre, single-arm, phase 2 trial was done 
in seven centres in the USA. Women aged 40 years or older 
who were not pregnant with unicentric cT1–2N0–1M0 
triple-negative breast cancer or HER2-positive breast cancer 
and a residual breast lesion less than 2 cm on imaging after 
clinically standard NST were eligible for inclusion. Patients had 
one biopsy (minimum of 12 cores) obtained by 9G 
image-guided VACB of the tumour bed. If no invasive or in-situ 
disease was identified, breast surgery was omitted, and 
patients underwent standard whole-breast radiotherapy (40 
Gy in 15 fractions or 50 Gy in 25 fractions) plus a boost (14 Gy in 
seven fractions). The primary outcome was the 
biopsy-confirmed ipsilateral breast tumour recurrence rate 

determined using the Kaplan-Meier method assessed in the 
per-protocol population. Safety was assessed in all patients 
who received VACB. This study has completed accrual and is 
registered with ClinicalTrials.gov, NCT02945579. 
FINDINGS: Between March 6, 2017, and Nov 9, 2021, 58 patients 
consented to participate; however, four (7%) did not meet final 
inclusion criteria and four (7%) withdrew consent. 50 patients 
were enrolled and underwent VACB following NST. The median 
age of the enrolled patients was 62 years (IQR 55–77); 21 (42%) 
patients had triplenegative breast cancer and 29 (58%) had 
HER2-positive breast cancer. VACB identified a pathological 
complete response in 31 patients (62% [95% CI 47•2–75•4]). At a 
median follow-up of 26•4 months (IQR 15•2–39•6), no ipsilateral 
breast tumour recurrences occurred in these 31 patients. No 
serious biopsy-related adverse events or treatment-related 
deaths occurred. 
INTERPRETATION: Eliminating breast surgery in highly 
selected patients with an image-guided VACB-determined 
pathological complete response following NST is feasible with 
promising early results; however, additional prospective clinical 
trials evaluating this approach are needed.
Identifying Patients Whose Symptoms Are Underrecognized 
During Treatment With Breast Radiotherapy

Citation: JAMA Oncol. 2022 Jun 1;8(6):887-894. 
Author: Reshma Jagsi
IMPORTANCE: Understanding whether physicians accurately 
detect symptoms in patients with breast cancer is important 
because recognition of symptoms facilitates supportive care, 

and clinical trials often rely on physician assessments using 
Common Toxicity Criteria for Adverse Events (CTCAE). 
OBJECTIVE: To compare the patient-reported outcomes (PROs) 
of patients with breast cancer who received radiotherapy from 
January 1, 2012, to March 31, 2020, with physicians’ CTCAE 
assessments to assess underrecognition of symptoms.
DESIGN, SETTING, AND PARTICIPANTS: This cohort study 
included a total of 29 practices enrolled in the Michigan 
Radiation Oncology Quality Consortium quality initiative. Of 13 
725 patients with breast cancer who received treatment with 
radiotherapy after undergoing lumpectomy, 9941 patients 
(72.4%) completed at least 1 PRO questionnaire during 
treatment with radiotherapy and were evaluated forthe study. 
Of these, 9868 patients (99.3%) were matched to physician 
CTCAE assessments that were completed within 3 days ofthe 
PRO questionnaires. 
EXPOSURES: Patient and physician ratings of 4 symptoms 
(pain, pruritus, edema, and fatigue) were compared. 
MAIN OUTCOMES AND MEASURES: We used multilevel 
multivariable logistic regression to evaluate factors associated 
with symptom underrecognition, hypothesizing that it would 
be more common in racial and ethnic minority groups. 
RESULTS: Of 9941 patients, all were female, 1655 (16.6%) were 
Black, 7925 (79.7%) were White, and 361 (3.6%) had Other race 
and ethnicity (including American Indian/Alaska Native, 
Arab/Middle Eastern, and Asian), either as self-reported or as 
indicated in the electronic medical record. A total of 1595 
(16.0%) were younger than 50 years, 2874 (28.9%) were age 50 to 
59 years, 3353 (33.7%) were age 60 to 69 years, and 2119 (21.3%) 

were 70 years or older.Underrecognition of symptoms existed 
in 2094 of 6781 (30.9%) observations of patient-reported 
moderate/severe pain, 748 of 2039 observations (36.7%) of 
patient-reported frequent pruritus, 2309 of 4492 observations 
(51.4%) of patient-reported frequent edema, and 390 of 2079 
observations (18.8%) of patient-reported substantialfatigue. 
Underrecognition of at least 1 symptom occurred at least once 
for 2933 of 5510 (53.2%) of those who reported atleast 1 
substantial symptom. Factors independently associated with 
underrecognition were younger age (younger than 50 years 
compared with 60-69 years: odds ratio [OR], 1.35; 95% CI, 
1.14-1.59; P < .001; age 50-59 years compared with 60-69 years: 
OR, 1.19; 95% CI, 1.03-1.37; P = .02), race (Black individuals 
compared with White individuals: OR, 1.56; 95% CI 1.30-1.88; P < 
.001; individuals with Other race or ethnicity compared with 
White individuals: OR, 1.52; 95%CI, 1.12-2.07; P = .01), 
conventionalfractionation (OR, 1.26; 95%CI, 1.10-1.45; P = .002), 
male physician sex (OR, 1.54; 95% CI, 1.20-1.99; P = .002), and 
2-field radiotherapy (without a supraclavicularfield)(OR, 0.80; 
95%CI, 0.67-0.97; P = .02). 
CONCLUSIONS AND RELEVANCE: The results of this cohort 
study suggest that PRO collection may be essential for trials 
because relying on the CTCAE to detect adverse events may 
miss important symptoms. Moreover, since physicians in this 
study systematically missed substantial symptoms in certain 
patients, including younger patients and Black individuals or 
those of Other race and ethnicity, improving symptom 
detection may be a targetable mechanism to reduce 
disparities.

Effect of Supine vs Prone Breast Radiotherapy on Acute Toxic 
Effects of the Skin Among Women With Large Breast Size: A 
Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):994-1000. 
Author: Danny Vesprini
IMPORTANCE: Women with large breast size treated with 
adjuvant breast radiotherapy (RT) have a high rate of acute 
toxic effects of the skin. Breast RT in the prone position is one 
strategy that may decrease these toxic effects. 
OBJECTIVE: To determine if breast RT in the prone position 
reduces acute toxic effects of the skin when compared with 
treatment in the supine position. 
DESIGN, SETTING, AND PARTICIPANTS: This phase 3, 
multicenter, single-blind randomized clinical trial accrued 
patients from 5 centers across Canada from April 2013 to March 
2018 to compare acute toxic effects of breast RT for women 
with large breast size (bra band $40 in and/or $D cup) in the 
prone vs supine positions. A total of 378 patients were referred 
for adjuvant RT and underwent randomization. Seven patients 
randomized to supine position were excluded (5 declined 
treatment and 2 withdrew consent), and 14 patients 
randomized to prone position were excluded (4 declined 
treatment, 3 had unacceptable cardiac dose, and 7 were 
unable to tolerate being prone). Data were analyzed from April 
2019 through September 2020. 
INTERVENTIONS: Patients were randomized to RT in the supine 
or prone position. From April 2013 until June 2016, all patients (n 
= 167) received 50 Gy in 25 fractions (extended fractionation) 
with or without boost (range, 10-16 Gy). After trial amendment 

in June 2016, the majority of patients (177 of 190 [93.2%]) 
received the hypofractionation regimen of 42.5 Gy in 16 
fractions. 
MAIN OUTCOMES AND MEASURES: Main outcome was moist 
desquamation (desquamation). 
RESULTS: Of the 357 women (mean [SD] age, 61 [9.9] years) 
included in the analysis, 182 (51.0%) were treated in the supine 
position and 175 (49.0%) in prone. There was statistically 
significantly more desquamation in patients treated in the 
supine position compared with prone (72 of 182 [39.6%] 
patients vs 47 of 175 [26.9%] patients; OR, 1.78; 95% CI, 1.24-2.56; 
P = .002), which was confirmed on multivariable analysis (OR, 
1.99; 95% CI, 1.48-2.66; P < .001), along with other independent 
factors: use of boost (OR, 2.71; 95% CI, 1.95-3.77; P < .001), 
extended fractionation (OR, 2.85; 95% CI, 1.41-5.79; P = .004), and 
bra size (OR, 2.56; 95% CI, 1.50-4.37; P < .001). CONCLUSIONS 
AND RELEVANCE This randomized clinical trial confirms that 
treatment in the prone position decreases desquamation in 
women with large breast size receiving adjuvant RT. It also 
shows increased toxic effects using an RT boost and 
conventional fractionation.
Hypofractionated Radiotherapy in patients with Breast Cancer 
(HRBC): Acute toxicity data of a phase III randomized study

Citation: SABCS GS5-12 
Author: Budhi Singh Yadav
BACKGROUND: HRBC is a phase III randomized open label 
study of adjuvant radiotherapy in patients with breast cancer. 
In this study we compared a 3 weeks radiation schedule with 2 
weeks.

MATERIALS AND METHODS: Patients with breast cancer, stage 
I-III, post mastectomy or after breast conservative surgery who 
needed adjuvant locoregional radiotherapy were randomized 
to 34Gy in 10 fractions over 2 weeks (study arm) or 35Gy in 15 
fractions over 3 weeks to the chest wall and 40Gy/15#/3wks to 
breast and supraclavicular fossa (control arm). Boost dose 
when indicated was 8Gy/2# in both the arms. Patients were 
planned on simulator with 2 tangential fields to breast/chest 
wall and incident supraclavicular fossa field. Acute toxicity was 
assessed using a RTOG grading system. Assessment was 
carried out weekly during radiotherapy and at 4 weeks after 
treatment by the physician. Cosmetic outcome was assessed 
using Harvard/NSABP/RTOG scale. The toxicity between the 
two arms was compared using Fisher’s exact test. The trial was 
approved by institutional ethics committee. This trial is 
registered with ClinicalTrials.gov, number NCT04075058.
RESULTS: This study included 1121 patients. Median follow up 
was 35 months (range 6-84 months). Mean age was 48 year 
(range 24-80 years). The patient characteristics were 
comparable between the two arms except for more 
mastectomies in the 3 week arm and more node positive 
patients in the 2 week arm. There were more oestrogen 
receptor positive tumors in the 3 week arm. Acute skin 
toxicities were comparable between the two arms. Grade 2 and 
3 skin toxicity was 98(17%) and 82(15%); and 16(3%) and 10(2%) in 
the 3 week and 2 week arm (p=0.15), respectively. Cosmetic 
outcome was significantly better in 2 week arm 94% as 
compared to 90% in the 3 week arm (p=0.016).
CONCLUSION: The two radiation schedules were comparable 
in terms of acute skin toxicity. Cosmetic outcome was better in 
the 2 week schedule.

Partial Breast Irradiation Versus Whole Breast Irradiation for 
Early Breast Cancer Patients in a Randomized Phase III Trial: The 
Danish Breast Cancer Group Partial Breast Irradiation Trial

Citation: J ClinOncol. 2022 Dec 20;40(36):4189-4197. 
Author: Birgitte V Offersen
PURPOSE: On the basis of low risk of local recurrence in elderly 
patients with breast cancer after conservative surgery followed 
by whole breast irradiation (WBI), the Danish Breast Cancer 
Group initiated the noninferiority external-beam partial breast 
irradiation (PBI) trial (ClinicalTrials.gov identifier: 
NCT00892814). We hypothesized that PBI was noninferior to 
WBI regarding breast induration. 
METHODS: Patients operated with breast conservation for 
relatively low-risk breast cancer were randomly assigned to 
WBI versus PBI, and all had 40 Gy/15 fractions. The primary end 
point was 3-year grade 2-3 breast induration. 
RESULTS In total, 865 evaluable patients (434 WBI and 431 PBI) 
were enrolled between 2009 and 2016. Median follow-up was 
5.0 years (morbidity) and 7.6 years (locoregional recurrence). 
The 3-year rate of induration was 9.7% for WBI and 5.1% for PBI 
(P 5 .014). Large breast size was significantly associated with 
induration with a 3-year incidence of 13% (WBI) and 6% (PBI) for 
large-breasted patients versus 6% (WBI) and 5% (PBI) for 
small-breasted patients. PBI showed no increased risk of 
dyspigmentation, telangiectasia, edema, or pain, and patient 
satisfaction was high. Letrozole and smoking did not increase 
the risk of radiation-associated morbidity. Sixteen patients had 
a locoregional recurrence (six WBI and 10 PBI; P 5 .28), 20 
patients had a contralateral breast cancer, and eight patients 

had distant failure (five WBI and three PBI). A nonbreast 
second cancer was detected in 73 patients (8.4%), and there 
was no difference between groups. 
CONCLUSION: External-beam PBI for patients with low-risk 
breast cancer was noninferior to WBI in terms of breast 
induration. Large breast size was a risk factor for 
radiation-associated induration. Few recurrences were 
detected and unrelated to PBI.
Effect of Elective Internal Mammary Node Irradiation on 
Disease-Free Survival in Women With Node-Positive Breast 
Cancer: A Randomized Phase 3 Clinical Trial

Citation: JAMA Oncol. 2022 Jan 1;8(1):96-105. 
Author: Yong Bae Kim
IMPORTANCE: The benefit of internal mammary node 
irradiation (IMNI) for treatment outcomes in node-positive 
breast cancer is unknown. 
OBJECTIVE: To investigate whether the inclusion of IMNI in 
regional nodal irradiation improves disease-free survival (DFS) 
in women with node-positive breast cancer. 
DESIGN, SETTING, AND PARTICIPANTS: This multicenter, phase 
3 randomized clinical trial was conducted from June 1, 2008, to 
February 29, 2020, at 13 hospitals in South Korea. Women with 
pathologically confirmed, node-positive breast cancer after 
breast-conservation surgery or mastectomy with axillary 
lymph node dissec‐ tion were eligible and enrolled between 
November 19, 2008, and January 14, 2013. Patients with distant 
metastasis and those who had received neoadjuvant 
treatment were excluded. Data analy‐ ses were performed 
according to the intention-to-treat principle. 

INTERVENTIONS: All patients underwent regional nodal 
irradiation along with breast or chest wall irradiation. They were 
randomized 1:1 to receive radiotherapy either with IMNI or 
without IMNI.
MAIN OUTCOMES AND MEASURES: The primary end point was 
the 7-year DFS. Secondary end points included the rates of 
overall survival, breast cancer–specific survival, and toxic 
effects. 
RESULTS: A total of 735 women (mean [SD] age, 49.0 [9.1] years) 
were included in the analyses, of whom 373 received regional 
nodal irradiation without IMNI and 362 received regional nodal 
irradiation with IMNI. Nearly all patients underwent 
taxane-based adjuvant systemic treatment. The median (IQR) 
follow-up was 100.4 (89.7-112.1) months. The 7-year DFS rates did 
not significantly differ between the groups treated without 
IMNI and with IMNI (81.9% vs 85.3%; hazard ratio [HR], 0.80; 95% 
CI, 0.57-1.14; log-rank P = .22). However, an ad hoc subgroup 
analysis showed signifi‐ cantly higher DFS rates with IMNI 
among patients with mediocentrally located tumors. In this 
sub‐ group, the 7-year DFS rates were 81.6% without IMNI vs 
91.8% with IMNI (HR, 0.42; 95% CI, 0.22-0.82; log-rank P = .008), 
and the 7-year breast cancer mortality rates were 10.2% without 
IMNI vs 4.9% with IMNI (HR, 0.41; 95% CI, 0.17-0.99; log-rank P = 
.04). No differences were found between the 2 groups in the 
incidence of adverse effects, including cardiac toxic effects and 
radia‐ tion pneumonitis. 
CONCLUSIONS AND RELEVANCE: This randomized clinical trial 
found that including IMNI in regional nodal irradiation did not 
signif‐ icantly improve the DFS in patients with node-positive 

breast cancer. However, patients with medi‐ ally or centrally 
located tumors may benefit from the use of IMNI.
Radiotherapy or Surgery of the Axilla After a Positive Sentinel 
Node in Breast Cancer: 10-Year Results of the Randomized 
Controlled EORTC 10981-22023 AMAROS Trial
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PURPOSE: The European Organisation for Research and 
Treatment of Cancer 10981-22023 AMAROS trial evaluated 
axillary lymph node dissection (ALND) versus axillary 
radiotherapy (ART) in patients with cT1-2, nodenegative breast 
cancer and a positive sentinel node (SN) biopsy. At 5 years, both 
modalities showed excellent and comparable axillary control, 
with significantly less morbidity after ART. We now report the 
preplanned 10- year analysis of the axillary recurrence rate 
(ARR), overall survival (OS), and disease-free survival (DFS), and 
an updated 5-year analysis of morbidity and quality of life. 
METHODS: In this open-label multicenter phase III 
noninferiority trial, 4,806 patients underwent SN biopsy; 1,425 
were node-positive and randomly assigned to either ALND (n 5 
744) or ART (n 5 681). 
RESULTS: Per intention-to-treat analysis, 10-year ARR 
cumulative incidence was 0.93% (95% CI, 0.18 to 1.68; seven 
events) after ALND and 1.82% (95% CI, 0.74 to 2.94; 11 events) 
after ART (hazard ratio [HR], 1.71; 95% CI, 0.67 to 4.39). There were 
no differences in OS (HR, 1.17; 95% CI, 0.89 to 1.52) or DFS (HR, 
1.19; 95% CI, 0.97 to 1.46). ALND was associated with a higher 
lymphedema rate in updated 5-year analyses (24.5% v 11.9%; P , 
.001). Quality-of-life scales did not differ by treatment through 5 

years. Exploratory analysis showed a 10-year cumulative 
incidence of second primary cancers of 12.1% (95% CI, 9.6 to 14.9) 
after ART and 8.3% (95% CI, 6.3 to 10.7) after ALND. 
CONCLUSION: This 10-year analysis confirms a low ARR after 
both ART and ALND with no difference in OS, DFS, and 
locoregional control. Considering less arm morbidity, ART is 
preferred over ALND for patients with SN-positive cT1-2 breast 
cancer.
NRG-BR002: A phase IIR/III trial of standard of care systemic 
therapy with or without stereotactic body radiotherapy (SBRT) 
and/or surgical resection (SR) for newly oligometastatic breast 
cancer (NCT02364557). ASCO 1007 
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BACKGROUND: Prospective and retrospective studies of 
patients (pts) with oligometastatic (OM) disease have 
supported that metastases (mets) directed treatment (MDT) 
with SBRT or SR in addition to standard of care systemic 
therapy (SOC ST) can improve progression-free (PFS) and 
overall survival (OS) compared with SOC ST alone. However, 
randomized evidence in oligometastatic breast cancer (OMBC) 
are lacking. NRG-BR002, a randomized Phase IIR/III trial, 
sought to determine the efficacy of SOC ST + MDT (SBRT or SR) 
as first line treatment of OMBC. 
METHODS: OMBC pts with ≤ 4 extracranial mets on standard 
imaging with controlled primary disease were eligible if on first 
line SOC ST for ≤ 12 months without progression. Pts were 
randomized (1:1) to ARM 1 – SOC ST (mainly chemotherapy, 

endocrine therapy, anti-HER2) or ARM 2 – SOC ST with MDT of 
all mets. Stratification included mets number (1 vs > 1), ER/PR 
and Her2 status, and chemotherapy use. Phase IIR targeted 
sample size was 128 total/116 eligible pts, for 92% power and 
1-sided significance level = 0.15 to determine if adding MDT 
shows a signal for improved PFS (hazard ratio [HR] = 0.55, 
corresponding to median PFS (mPFS) from 10.5 to 19 months), 
in order to continue to the full phase III trial for OS. PFS and OS 
were estimated by Kaplan-Meier and arms compared with 
log-rank. 
RESULTS: 125 of the 129 pts randomized were eligible (ARM 1 = 
65, ARM 2 = 60). Key characteristics included median age 54, 
79% ER+ or PR+/HER2-, 13% HER2+, 8% triple negative. 60% had 
1 metastasis and 20% presented synchronously with primary 
disease. Following randomization, systemic therapy was 
delivered to 95% in ARM 1 and 93% in ARM 2; ablation: SBRT 
93%, SR 2%, and 5% none. The median follow-up was 30 mo. The 
mPFS (70% CI) in ARM 1 was 23 mo (18, 29) and 19.5 mo (17, 36) in 
ARM 2; 24 and 36-mo PFS (70% CI) for ARM 1 were 45.7% (38.9, 
52.5) and 32.8% (26.0, 39.5) compared with 46.8 (39.2, 54.3) and 
38.1 (29.7, 46.6) in ARM 2; HR (70% CI): 0.92 (0.71, 1.17); and 1-sided 
log-rank p = 0.36. As PFS did not show signal, OS reporting is 
included: median OS was not reached in either arm; 36-mo OS 
(95% CI) in ARM 1 71.8% (58.9, 84.7) and ARM 2 68.9% (55.1, 82.6; 
2-sided log-rank p = 0.54). Analysis of first failure showed new 
mets outside index area (Arm 1) /RT field (Arm 2) developed 
similarly in both arms at 40%. There were fewer new mets 
inside treated/index area for Arm 2 6.7% vs ARM 1 29.2%, 
respectively. There were no grade 5 treatment-related adverse 
events (AEs), 1 grade 4 AE in ARM 1, and 9.7% and 5.3% grade 3 

AEs in ARMS 1 and 2, respectively. Circulating tumor cell counts 
(0 vs ≥1) at baseline were similar in both arms and were not 
prognostic HR (95% CI): 1.04 (0.54, 2.02). 
CONCLUSIONS: The addition of MDT to SOC ST did not show 
signal for improved PFS, nor OS difference in patients with 
OMBC. The trial will not proceed to the Phase III component.
Oncological outcomes following omission of axillary lymph node 
dissection in node positive patients downstaging to node 
negative with neoadjuvant chemotherapy: The 
OPBC-04/EUBREAST-06/OMA study
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BACKGROUND: Data on the oncologic safety of omission of 
axillary lymph node dissection (ALND) in node positive (N+) 
patients who downstage to ypN0 with neoadjuvant 
chemotherapy (NAC) is sparse. Additionally, there is no 
consensus on which axillary staging procedure should be used 
in this setting, sentinel lymph node biopsy (SLNB) alone or in 
combination with localization and retrieval of the clipped 
positive node, also known as targeted axillary dissection (TAD). 
Whether the reduction in the false negative rate observed with 
TAD translates into a significant reduction in the rate of axillary 
recurrence is unknown. We sought to evaluate oncologic 
outcomes after omission of ALND in a large, real-world cohort 
of breast cancer (BC) patients and to compare rates of axillary 
recurrence after SLNB with dual tracer mapping vs. TAD.
METHODS: Data were collected from 19 centers in the 
Oncoplastic Breast Consortium (OPBC) and EUBREAST 
networks. Patients with T1-4 biopsy-proven N1-3 BC who 

underwent NAC followed by axillary staging with either SLNB 
with dual tracer mapping or TAD and who were pathologically 
node negative (ypN0) were included. ypN0 was defined as the 
absence of any tumor or isolated tumor cells. Competing risk 
analysis was performed to assess the cumulative incidence 
rates of axillary recurrence, locoregional recurrence, and any 
invasive (locoregional or distant) recurrence. Two-year 
cumulative incidence rates were compared between TAD and 
SLNB using the Gray’s test. Type I error rate was set to 0.05 (α).
RESULTS: We included 785 patients (565 treated with SLNB and 
220 with TAD) treated with NAC followed by surgery from 
01/2014-12/2020. Median patient age was 50 years. The majority 
(57%) of patients had clinical T2 tumors, and 95% had N1 
disease. Most (55%) were HER2+, and 21% were triple negative. 
Most patients (81%) received anthracycline and taxane-based 
chemotherapy regimens, but NAC regimens differed between 
patients treated with TAD and those treated with SLNB (Table 
1). All patients with HER2+ tumors received anti HER2 therapy. 
Nodal radiotherapy was administered to 76% of patients, and 
was more common in patients who underwent TAD (82% TAD 
vs 74% SLNB, p=0.017). Breast pathologic complete response 
(ypT0/is) was more frequent among those patients that had 
TAD (80% TAD vs. 66% SLNB, p< 0.001). TAD localization was 
with wire in 46%, radioactive seed in 40%, ultrasound in 5%, 
tattoo in 2%, and with a combination of these techniques in 7%. 
The clipped node was successfully retrieved in 94% of TAD 
cases. The median number of lymph nodes removed was lower 
in the TAD group compared to the SLNB group [3 (IQR 3-5) vs 4 
IQR 3-5), p< 0.001], as was the median number of sentinel 
lymph nodes [3 (IQR 2-4) vs 4 IQR 3-5), p< 0.001] (Table 1).

The 5-year rates of any axillary recurrence, locoregional 
recurrence, and any invasive recurrence in the entire cohort 
were 1.1% (95%CI 0.39-2.4%), 3.1% (95%CI 1.6-5.3%) and 10% (95%CI 
7.6-13%), respectively. The two-year cumulative incidence of 
axillary recurrence did not differ between patients treated with 
TAD compared to SLNB (0% vs 0.9%, p=0.19).
CONCLUSION: Early axillary recurrence after omission of ALND 
in patients who successfully downstage from N+ to ypN0 with 
NAC is a rare event following both SLNB or TAD, and was not 
significantly lower in TAD than SLNB. Although longer 
follow-up is needed to confirm these findings, the main 
advantage of TAD seems to be a reduction in the number of 
lymph nodes removed. Overall, these results support omission 
of ALND in patients who successfully downstage to node 
negative disease after NAC.

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

pathways. A Cochrane review of using local anaesthesia before 
surgery for breast cancer concluded inadequate data on its 
efficacy. We conducted a multi-centre randomized trial to test 
the impact of peri-tumoral infiltration of local anaesthesia 
before surgery on survival in women with early breast cancer. 
METHODS: Women with early breast cancer were randomized, 
to receive peri-tumoral injection of 0.5% lidocaine, 5-10 minutes 
before surgery (LA arm) or surgery without lidocaine(No-LA 
arm). Randomisation was stratified by menopausal status and 
tumour size. Women on neo-adjuvant chemotherapy were not 
included in the study. Participants underwent breast 
conservation or modified radical mastectomy and received 
standard post-operative adjuvant radiotherapy and systemic 
therapy. The primary endpoint was disease-free survival(DFS) 
and the secondary endpoint was overall survival(OS).
RESULTS: The study included 1600 patients randomized to 
LA(N¼796) and NoLA(N¼804) arms, of whom 1583 were 
included in the analysis. At 72 months there were 255 DFS 
events (109 LA arm, 146 No-LA arm). At 6-year DFS were 86.1% 
and 81.7% in LA and No-LA arms, respectively (HR 0.74, 95% CI 
0.58-0.95, p[0.017) and OS were 89.9% and 86.2%, respectively 
(HR 0.71, 95% CI 0.53-0.94, p[0.019). The impact of LA was similar 
in subgroups defined by menopausal status, tumour size, 
lymph node metastases, hormone receptor and HER2neu 
status. In the LA and no-LA arm, the loco-regional DFS were 
94.8% and 92.3%, respectively (HR[0.67, 95%CI 0.45-0.99, p[0.04) 
and distant DFS were 89.2% and 85.1%, respectively (HR[0.70, 
95%CI 0.53 e 0.94, p[0.013). There were no adverse events due to 
lidocaine injection. 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study
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BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
Author: Joseph Whelan
BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
Author: Paul T R Thiruchelvam
BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
Author: Joseph Whelan
BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
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BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study
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BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
Author: Paul T R Thiruchelvam
BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
Author: Joseph Whelan
BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
Author: Paul T R Thiruchelvam
BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
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BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
Author: Joseph Whelan
BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
Author: Joseph Whelan
BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
Author: Paul T R Thiruchelvam
BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
Author: Paul T R Thiruchelvam
BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
Author: Joseph Whelan
BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Impact of Breast Conservation Therapy on Local Recurrence in 
Patients with Multiple Ipsilateral Breast Cancer – Results from 
ACOSOG Z11102 (Alliance)

Citation: SABCS GS4-01 
Author: Boughey JC
BACKGROUND: Breast conserving therapy (BCT) is accepted as 
a preferred option for unifocal breast cancer. However, the 
oncologic safety of BCT for multiple ipsilateral breast cancer 
(MIBC), has not been demonstrated in a prospective study. The 
ACOSOG (Alliance) Z11102 phase II single arm prospective trial 
was designed to evaluate outcomes with BCT for MIBC.
METHODS: Women age 40+ with 2 or 3 foci of biopsy proven 
breast cancer (BC) (each site < 5cm in size with at least 1 site 
invasive) separated by >2-3 cm of normal breast tissue and 
disease limited to two quadrants of the breast with cN0 or cN1 
disease were eligible. All patients had pre-operative 
mammogram and breast MRI was initially required and 
subsequently made optional. Neoadjuvant therapy was not 
allowed. Patients were treated with lumpectomy resected to 
negative margins followed by whole breast radiation with 
boost to all lumpectomy beds. The primary endpoint of Z11102 
is the cumulative incidence of local recurrence (LR, defined as 
histologic evidence of ductal carcinoma in situ or invasive BC in 
the ipsilateral breast or chest wall) at 5 years (treating death 
and distant and nodal/regional recurrence as competing risks) 
to assess whether the rate is greater than 8%. Data were frozen 
5/25/2022.

RESULTS: From 11/2012-8/2016, 270 women were enrolled. Of 
these, 33 were ineligible, 14 converted to mastectomy, 11 were 
unable to meet protocol-specific radiation endpoints, 1 had no 
definable tumor, 1 had 4 sites of cancer and 16 withdrew before 
completing surgery and radiation, leaving 194 patients 
[median age 61 (range 40-87)] eligible who completed breast 
conserving surgery and radiation therapy. With median 
follow-up of alive patients of 66.6 months (range: 4.1, 90.6), 6 
patients have developed LR (5 ipsilateral breast and 1 chest 
wall), corresponding to an estimated cumulative incidence of 
local recurrence of 3.2% (95% CI: 1.3, 6.4) at 5 years. No patients 
have developed regional recurrence, 5 patients developed 
distant recurrence, 0 patients developed local and distant 
recurrence, 5 patients developed contralateral BC, 3 new 
non-BC primaries and 8 patients have died (1 related to BC). 
The rate of local recurrence in patients without a breast pre-op 
MRI (n=14) was 22.6% at 5 years compared to 1.7% among the 
180 patients with a preop MRI (p=0.002). Patient age, number 
of sites of preoperative biopsy proven BC, HER2 status, 
pathologic T and N category were not statistically significantly 
associated with risk of LR.
CONCLUSION: The Z11102 clinical trial demonstrates that for 
women with MIBC breast conserving surgery with adjuvant 
radiation with lumpectomy site boosts has an acceptably low 
LR rate (3.2% at 5 years), making this a reasonable 
consideration for women with 2-3 ipsilateral foci. The LR rate 
was significantly higher in the small cohort of patients without 
preoperative breast MRI.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
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BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Impact of Breast Conservation Therapy on Local Recurrence in 
Patients with Multiple Ipsilateral Breast Cancer – Results from 
ACOSOG Z11102 (Alliance)

Citation: SABCS GS4-01 
Author: Boughey JC
BACKGROUND: Breast conserving therapy (BCT) is accepted as 
a preferred option for unifocal breast cancer. However, the 
oncologic safety of BCT for multiple ipsilateral breast cancer 
(MIBC), has not been demonstrated in a prospective study. The 
ACOSOG (Alliance) Z11102 phase II single arm prospective trial 
was designed to evaluate outcomes with BCT for MIBC.
METHODS: Women age 40+ with 2 or 3 foci of biopsy proven 
breast cancer (BC) (each site < 5cm in size with at least 1 site 
invasive) separated by >2-3 cm of normal breast tissue and 
disease limited to two quadrants of the breast with cN0 or cN1 
disease were eligible. All patients had pre-operative 
mammogram and breast MRI was initially required and 
subsequently made optional. Neoadjuvant therapy was not 
allowed. Patients were treated with lumpectomy resected to 
negative margins followed by whole breast radiation with 
boost to all lumpectomy beds. The primary endpoint of Z11102 
is the cumulative incidence of local recurrence (LR, defined as 
histologic evidence of ductal carcinoma in situ or invasive BC in 
the ipsilateral breast or chest wall) at 5 years (treating death 
and distant and nodal/regional recurrence as competing risks) 
to assess whether the rate is greater than 8%. Data were frozen 
5/25/2022.

RESULTS: From 11/2012-8/2016, 270 women were enrolled. Of 
these, 33 were ineligible, 14 converted to mastectomy, 11 were 
unable to meet protocol-specific radiation endpoints, 1 had no 
definable tumor, 1 had 4 sites of cancer and 16 withdrew before 
completing surgery and radiation, leaving 194 patients 
[median age 61 (range 40-87)] eligible who completed breast 
conserving surgery and radiation therapy. With median 
follow-up of alive patients of 66.6 months (range: 4.1, 90.6), 6 
patients have developed LR (5 ipsilateral breast and 1 chest 
wall), corresponding to an estimated cumulative incidence of 
local recurrence of 3.2% (95% CI: 1.3, 6.4) at 5 years. No patients 
have developed regional recurrence, 5 patients developed 
distant recurrence, 0 patients developed local and distant 
recurrence, 5 patients developed contralateral BC, 3 new 
non-BC primaries and 8 patients have died (1 related to BC). 
The rate of local recurrence in patients without a breast pre-op 
MRI (n=14) was 22.6% at 5 years compared to 1.7% among the 
180 patients with a preop MRI (p=0.002). Patient age, number 
of sites of preoperative biopsy proven BC, HER2 status, 
pathologic T and N category were not statistically significantly 
associated with risk of LR.
CONCLUSION: The Z11102 clinical trial demonstrates that for 
women with MIBC breast conserving surgery with adjuvant 
radiation with lumpectomy site boosts has an acceptably low 
LR rate (3.2% at 5 years), making this a reasonable 
consideration for women with 2-3 ipsilateral foci. The LR rate 
was significantly higher in the small cohort of patients without 
preoperative breast MRI.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
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BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 
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BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
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PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
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BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 
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BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study
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BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.
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BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Impact of Breast Conservation Therapy on Local Recurrence in 
Patients with Multiple Ipsilateral Breast Cancer – Results from 
ACOSOG Z11102 (Alliance)
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BACKGROUND: Breast conserving therapy (BCT) is accepted as 
a preferred option for unifocal breast cancer. However, the 
oncologic safety of BCT for multiple ipsilateral breast cancer 
(MIBC), has not been demonstrated in a prospective study. The 
ACOSOG (Alliance) Z11102 phase II single arm prospective trial 
was designed to evaluate outcomes with BCT for MIBC.
METHODS: Women age 40+ with 2 or 3 foci of biopsy proven 
breast cancer (BC) (each site < 5cm in size with at least 1 site 
invasive) separated by >2-3 cm of normal breast tissue and 
disease limited to two quadrants of the breast with cN0 or cN1 
disease were eligible. All patients had pre-operative 
mammogram and breast MRI was initially required and 
subsequently made optional. Neoadjuvant therapy was not 
allowed. Patients were treated with lumpectomy resected to 
negative margins followed by whole breast radiation with 
boost to all lumpectomy beds. The primary endpoint of Z11102 
is the cumulative incidence of local recurrence (LR, defined as 
histologic evidence of ductal carcinoma in situ or invasive BC in 
the ipsilateral breast or chest wall) at 5 years (treating death 
and distant and nodal/regional recurrence as competing risks) 
to assess whether the rate is greater than 8%. Data were frozen 
5/25/2022.

RESULTS: From 11/2012-8/2016, 270 women were enrolled. Of 
these, 33 were ineligible, 14 converted to mastectomy, 11 were 
unable to meet protocol-specific radiation endpoints, 1 had no 
definable tumor, 1 had 4 sites of cancer and 16 withdrew before 
completing surgery and radiation, leaving 194 patients 
[median age 61 (range 40-87)] eligible who completed breast 
conserving surgery and radiation therapy. With median 
follow-up of alive patients of 66.6 months (range: 4.1, 90.6), 6 
patients have developed LR (5 ipsilateral breast and 1 chest 
wall), corresponding to an estimated cumulative incidence of 
local recurrence of 3.2% (95% CI: 1.3, 6.4) at 5 years. No patients 
have developed regional recurrence, 5 patients developed 
distant recurrence, 0 patients developed local and distant 
recurrence, 5 patients developed contralateral BC, 3 new 
non-BC primaries and 8 patients have died (1 related to BC). 
The rate of local recurrence in patients without a breast pre-op 
MRI (n=14) was 22.6% at 5 years compared to 1.7% among the 
180 patients with a preop MRI (p=0.002). Patient age, number 
of sites of preoperative biopsy proven BC, HER2 status, 
pathologic T and N category were not statistically significantly 
associated with risk of LR.
CONCLUSION: The Z11102 clinical trial demonstrates that for 
women with MIBC breast conserving surgery with adjuvant 
radiation with lumpectomy site boosts has an acceptably low 
LR rate (3.2% at 5 years), making this a reasonable 
consideration for women with 2-3 ipsilateral foci. The LR rate 
was significantly higher in the small cohort of patients without 
preoperative breast MRI.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
Author: Paul T R Thiruchelvam
BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
Author: Joseph Whelan
BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
Author: RikkeNørgaard Pedersen
PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
Author: Mitchell H Gail
PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 

Citation: Lancet Oncol. 2022 Sep;23(9):1201-1210 
Author: Sabine R de Wild
BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
Oncology 40, no. 16_suppl (June 01, 2022) 1008-1008. 
Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 
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become part of standard pathology reporting after 
neoadjuvant therapy.
Primary radiotherapy and deep inferior epigastric perforator flap 
reconstruction for patients with breast cancer (PRADA): A 
multicentre, prospective, non-randomised, feasibility study 

Citation: Lancet Oncol. 2022 May;23(5):682-690. 
Author: Paul T R Thiruchelvam
BACKGROUND: Radiotherapy before mastectomy and 
autologous free-flap breast reconstruction can avoid adverse 
radiation effects on healthy donor tissues and delays to 
adjuvant radiotherapy. However, evidence for this treatment 
sequence is sparse. We aimed to explore the feasibility of 
preoperative radiotherapy followed by skin-sparing 
mastectomy and deep inferior epigastric perforator (DIEP) flap 
reconstruction in patients with breast cancer requiring 
mastectomy. 
METHODS: We conducted a prospective, non-randomised, 
feasibility study at two National Health Service trusts in the UK. 
Eligible patients were women aged older than 18 years with a 
laboratory diagnosis of primary breast cancer requiring 
mastectomy and post-mastectomy radiotherapy, who were 
suitable for DIEP flap reconstruction. Preoperative 
radiotherapy started 3–4 weeks after neoadjuvant 
chemotherapy and was delivered to the breast, plus regional 
nodes as required, at 40 Gy in 15 fractions (over 3 weeks) or 
42•72 Gy in 16 fractions (over 3•2 weeks). Adverse skin radiation 
toxicity was assessed preoperatively using the Radiation 
Therapy Oncology Group toxicity grading system. Skin-sparing 
mastectomy and DIEP flap reconstruction were planned for 

2–6 weeks after the completion of preoperative radiotherapy. 
The primary endpoint was the proportion of open breast 
wounds greater than 1 cm width requiring a dressing at 4 
weeks after surgery, assessed in all participants. This study is 
registered with ClinicalTrials.gov, NCT02771938, and is closed to 
recruitment. 
FINDINGS: Between Jan 25, 2016, and Dec 11, 2017, 33 patients 
were enrolled. At 4 weeks after surgery, four (12•1%, 95% CI 
3•4–28•2) of 33 patients had an open breast wound greater than 
1 cm. One (3%) patient had confluent moist desquamation 
(grade 3). There were no serious treatment-related adverse 
events and no treatment-related deaths.
INTERPRETATION: Preoperative radiotherapy followed by 
skin-sparing mastectomy and immediate DIEP flap 
reconstruction is feasible and technically safe, with rates of 
breast open wounds similar to those reported with 
post-mastectomy radiotherapy. A randomised trial comparing 
preoperative radiotherapy with post-mastectomy radiotherapy 
is required to precisely determine and compare surgical, 
oncological, and breast reconstruction outcomes, including 
quality of life.
Phase II randomized trial of conventional versus 
hypofractionated post-mastectomy proton radiotherapy 

Citation: SABCS GS4-05 
Author: Mutter R
PURPOSE/OBJECTIVES: Proton therapy is under investigation 
in breast cancer as a strategy to reduce heart and lung 
exposure, which is associated with late cardiopulmonary 
adverse events and secondary malignancy. To date, studies 

investigating postmastectomy radiotherapy (PMRT) with 
protons have used conventional fractionation. We 
hypothesized that condensing treatment to 15 fractions would 
be safe based on evidence that breast cancer is more sensitive 
to higher dose fractions than surrounding normal tissues.
METHODS: We conducted a randomized non-inferiority phase 
II trial comparing conventional and hypofractionated proton 
PMRT with primary endpoint of 24-month complication rate 
(defined as grade 3 or higher late adverse events using CTCAE, 
v 4.0 and/or unplanned surgical intervention in patients 
undergoing mastectomy with reconstruction). With a 10% 
non-inferiority margin the study ensured 80% power and had a 
one sided-type I error rate of 0.05. Cardiotoxicity was assessed 
with serial transthoracic conventional and 2-dimensional 
speckle tracking echocardiography (2D-STE). Eligibility 
included age ≥ 18 years with non-inflammatory breast cancer 
resected by mastectomy with indications for PMRT. 
Assignment of treatments was balanced with respect to 
immediate breast reconstruction (IBR). Conventional 
fractionation group received 50 Gy in 25 fractions of 2 Gy, and 
hypofractionation group received 40.05 Gy in 15 fractions of 
2.67 Gy (RBE 1.1). Target volume included the chest wall and 
axillary, supraclavicular, and internal mammary lymph nodes. 
All patients were treated with multi-field optimized pencil 
beam scanning (intensity modulated proton therapy).
RESULTS: Between 2016 and 2018, 82 patients were enrolled 
and randomized (41 conventional, 41 hypofractionation). 
Median patient age was 52 years. 32.9% were staged T3-T4 and 
79.3% node positive at diagnosis. 57 of 82 patients (69.5%) 

elected IBR. The median mean heart dose was 0.49 Gy and the 
median ipsilateral lung volume receiving 40% of prescription or 
greater (V40%) was 13.6%. No significant changes on 
conventional or 2D-STE at end-of-treatment or 3-month 
follow-up compared to baseline were observed. The rate of ≥ 
grade 2 acute dermatitis was lower with hypofractionation 
(44% vs 15%, p = 0.006). Other ≥ grade 2 acute adverse events 
including esophagitis (0 vs 5%), infection (5% vs 2.4%) and skin 
hyperpigmentation (7.3% vs 4.8%) were not significantly 
different between the two arms.With a median follow-up of 
38.3 months, the 24-month complication rate was 
conventional 14.6% vs hypofractionation 17.1% (absolute 
difference 2.4%, p=0.17, 95% CI [-�, 15.7%]). In patients with IBR, 6 
of 28 (21.4%) conventional and 7 of 29 (24.1%) hypofractionated 
patients developed complications (p =0.80). There was no 
significant difference in 3-year disease-free survival between 
the conventional (89.4%; 95% CI 80.0 – 99.8%) and 
hypofractionated (92.4%, 95% CI 84.5 – 100.0%) arms (p = 0.91). 
One local recurrence occurred in the hypofractionated arm 
simultaneous with regional and distant relapse. The remaining 
6 recurrences were isolated distant events.
CONCLUSIONS: Proton PMRT provided excellent locoregional 
control and normal tissue sparing. There were no subclinical 
echocardiographic changes indicative of radiation-induced 
cardiac dysfunction. Hypofractionation resulted in comparable 
disease control, tolerability and reconstruction outcomes as 
conventional fractionation. Although non-inferiority of 
hypofractionation could not be established based on the 
upper bound of the 95% confidence interval for complication 

rate being greater than 10%, both conventional and 
hypofractionation may be considered appropriate regimens 
for ongoing phase 3 randomized trials comparing photon and 
proton radiotherapy.
Validation of Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) in a meta-analysis of three randomized 
controlled trials of breast conserving surgery +/- radiotherapy 

Citation: SABCS GS4-03 
Author: Karlsson P
BACKGROUND: There are currently no commercially available 
tests to identify early stage breast cancer patients treated with 
breast conserving surgery (BCS) and systemic therapy at low 
risk of locoregional recurrence (LRR) for whom postoperative 
radiotherapy (RT) may be safely omitted. Profile for the 
Omission of Local Adjuvant Radiotherapy (POLAR) is a 16-gene 
molecular signature developed to identify invasive breast 
cancer patients who may be candidates for RT omission after 
BCS. In this work, we seek to validate POLAR in a meta-analysis 
of three RCTs of BCS +/- RT: SweBCG91RT, Scottish Conservation 
Trial (SCT) and Princess Margaret Hospital (PMH).
METHODS: A patient-level meta-analysis was performed in 623 
node-negative breast cancer patients with ER+/HER2-negative 
tumors who were enrolled in the three RCTs and for whom 
primary tumor material was available for analysis. 
Contributions from each cohort were as follows: SweBCG91RT 
N=354 (57%), SCT N=137 (22%), and PMH N=132 (21%). Numbers 
of LRR events in each cohort were as follows: SweBCG91RT 
N=72 (20%), SCT N=28 (20%), and PMH N=16 (12%). There was a 
mix of systemic therapy used (no systemic therapy for 

SweBCG91RT, chemotherapy or adjuvant endocrine therapy, 
but not both, in SCT, and tamoxifen but no chemotherapy for 
PMH). Median follow-up time for the patients who did not have 
LRR was 13.3 years for SweBCG91RT, 21.1 years for SCT, and 8.6 
years for PMH. A multivariable Cox proportional hazards model 
on time to LRR, including the continuous standardized POLAR 
score, RT, and interaction, stratified by cohort, was used to test 
the interaction between the continuous POLAR score and RT. 
Additional Cox models tested the association between 
treatment arms separately for patients with a low and high 
POLAR score using a pre-specified cut point. Cumulative 
incidences were computed, with distant metastasis and death 
without recurrence considered as competing events.
RESULTS: The test for interaction between RT treatment and 
POLAR was statistically significant (p = 0.022). Patients with a 
high POLAR score (N=429 [69%]) had a large benefit from RT 
(10-year cumulative incidence of LRR: 20% [15%-26%] for those 
not treated with RT vs 7% [4%-11%] for those treated with RT; 
hazard ratio for RT vs no RT: 0.37 [0.23-0.60], p < 0.001), whereas 
there was no evidence of benefit from RT for patients with a 
low POLAR score (N=194 [31%], 10-year cumulative incidence of 
LRR: 5% [2%-11%] for those not treated with RT vs 7% [3%-14%] for 
those treated with RT; hazard ratio for RT vs no RT: 0.92 
[0.42-2.02], p = 0.832).
CONCLUSIONS: To our knowledge, POLAR is the first genomic 
classifier that is not only prognostic for LRR but also predictive, 
showing a significant interaction between RT and the classifier. 
Patients with a high POLAR score should be recommended 
radiotherapy while patients with a low score may be 
candidates for omission of radiotherapy after breast 
conserving surgery.

LUMINA: A prospective trial omitting radiotherapy (RT) 
following breast conserving surgery (BCS) in T1N0 luminal A 
breast cancer (BC). 

Citation: ASCO LBA501 Journal of Clinical Oncology 40, no. 
17_suppl (June 10, 2022) LBA501-LBA501. Author: Timothy
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BACKGROUND: Adjuvant breast RT is usually prescribed 
following BCS to reduce the risk of local recurrence (LR). 
However, this treatment is inconvenient, costly, and associated 
with acute and late toxicity.Traditional clinical pathological 
factors (CPFs) alone are limited in their ability to identify 
women witha low enough risk of LR to omit RT. Molecular 
defined intrinsic subtypes of BC provide additional prognostic 
information with luminal A having the lowest risk of 
recurrence. A retrospective analysis of a previous trial 
suggested that women >60 years with luminal A grade 1-2 T1N0 
BC treated by BCS andendocrine therapy alone had a low rate 
of LR (JCO 2015; 33:2035). The utility of identifying luminalA 
subtype combined with CPFs has not been prospectively 
evaluated for its ability to guide RT decision-making. 
METHODS: A prospective multicenter cohort study was 
performed. Eligibility criteria were:women ≥ 55 years; having 
undergone BCS for grade 1-2 T1N0 BC; ≥ 1mm margins of 
excision; luminalA subtype (defined as: ER ≥ 1%, PR>20%, HER2 
negative and Ki67 ≤ 13.25%); and treated with adjuvant 
endocrine therapy. ER, PR and HER2 were performed locally as 
per ASCO guidelines. Patientsmeeting clinical eligibility with 
ER ≥ 1%, PR>20%, HER2 negative BC were registered and had 
Ki67immunohistochemistry performed centrally in one of 

three Canadian laboratories using InternationalKi67 Working 
Group methods. Proficiency testing between laboratories was 
performed yearly. Patientswith Ki67 ≤ 13.25% were enrolled in 
the trial and were assigned to not receive RT. The primary 
outcome was LR defined as time from enrollment to any 
invasive or non-invasive cancer in the ipsilateralbreast. 
Assuming a 5-year LR rate of 3.5%, 500 patients were required 
to show that the upper boundof a two sided 90% (one-sided 
95%) confidence interval (CI) was <5%. Patients were followed 
everysix months for the first two years and then yearly. The 
probability of LR was estimated using the cumulative 
incidence function with death as a competing risk. Secondary 
outcomes were contralateral BC;relapse free survival (RFS) 
based on any recurrence; disease free survival (DFS) based on 
any recurrence, second cancer or death; and overall survival 
(OS). 
RESULTS: From August 2013 to July 2017,501 of 727 registered 
patients from 26 centers had a Ki67 ≤ 13.25% and were enrolled. 
Median follow-up was 5 years. Median age was 67 and 442 
(88%) patients were <75 years. Median tumor sizewas 1.1 cm. 
The 5-year rate of LR satisfied our pre-specified boundary (see 
Table). 
CONCLUSIONS: Women ≥ 55 years with grade 1-2 T1N0 luminal 
A BC following BCS treated with endocrine therapy alonehad 
very low rates of LR at 5 years and are candidates for omission 
of RT. Clinical trial information:NCT01791829. Research Sponsor: 
Canadian Breast Cancer Foundation and the Canadian 
CancerSociety.

Mortality After Late Breast Cancer Recurrence in Denmark 

Citation: J ClinOncol. 2022 May 1;40(13):1450-1463 
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PURPOSE: Late breast cancer (BC) recurrence (ie, $ 10 years 
after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of BC death 
after late recurrence, identified prognostic factors, and 
compared survival after early and late recurrence. 
METHODS: Using the Danish Breast Cancer Group and other 
nationwide databases, we identified women with early or late 
BC recurrence during 2004-2018, who were alive 6 months 
after recurrence. We followed them until BC death, death from 
other causes, emigration, 10 years, or December 31, 2018, 
whichever came first. We calculated mortality rates (MRs) per 
1,000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence, and by characteristics of the primary 
tumor and the late recurrence. Using Cox regression, we 
calculated adjusted hazard ratios (HRs) for BC death, 
accounting for death from other causes as competing risks. 
RESULTS: Among 2,004 patients with late recurrence, 721 died 
of BC with a median survival time of 10 years (MR 5 84.8 per 
1,000 PY; 10-year cumulative mortality 5 50%). Among 1,528 
patients with early recurrence, 1,092 BC deaths occurred with a 
median survival time of 4 years (MR 5 173.9 per 1,000 PY; 10-year 
cumulative mortality 5 72%). We observed a lower hazard of 
BC-specific death among patients who developed late 
compared with early recurrence (hazard ratio 5 0.72; 95% CI, 
0.62 to 0.85). Advanced stage at primary diagnosis, distant 
metastases, adjuvant treatment for locoregional recurrence, 

and systemic treatment for distant recurrence were associated 
with increased mortality after late recurrence. 
Breast-conserving surgery at primary diagnosis, locoregional 
recurrence, and surgery for recurrence were associated with 
lower mortality after late recurrence. 
CONCLUSION: Patients with late recurrence had more 
favorable prognosis than patients with early recurrence. The 
localization of recurrent disease was the main prognostic 
factor for BC death
Tools for Contralateral Prophylactic Mastectomy Decision 
Making 

Citation: J ClinOncol. 2022 Nov 1;40(31):3653-3659. 
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PURPOSE: Women with unilateral breast cancer are 
increasingly opting for the removal of not only the involved 
breast but also for the removal of the opposite uninvolved 
breast (contralateral prophylactic mastectomy [CPM]), 
although the risk of contralateral breast cancer (CBC) has 
decreased in recent years. Models to predict the absolute risk of 
CBC can help a woman decide whether to undergo CPM. Our 
objective is to illustrate that a better decision can be made if 
the patient and doctor also have estimates of the absolute risks 
of regional and distant recurrences and mortality from 
non–breast cancer causes. 
MATERIALS AND METHODS: We based our analyses on two 
published models for CBC and published information on the 
hazards of regional and distant recurrences and non–breast 
cancer mortality. Assuming that CPM eliminates CBC but has 

no effect on other events, we calculated how much CPM 
reduces a woman’s CBC risk and total risk from all these events 
for 10 hypothetical women with various subtypes of breast 
cancer and risk factors. 
RESULTS: The risk of CBC and total risk vary greatly, depending 
on the breast cancer subtype. In some cases, a decision for or 
against CPM can be based on CBC risk alone, but in others, 
additional consideration of total risk may cause a woman to 
decline CPM. 
CONCLUSION There is a potential to develop more informative 
tools for deciding on CPM. Realizing this potential will require 
more and better data to validate existing models of absolute 
CBC risk and to characterize the hazards of regional and 
distant recurrences and deaths from non–breast cancer causes 
for women with various subtypes of breast cancers and risk 
factors.
Digital breast tomosynthesis plus synthesised mammography 
versus digital screening mammography for the detection of 
invasive breast cancer (TOSYMA): A multicentre, open-label, 
randomised, controlled, superiority trial

Citation: Lancet Oncol. 2022 May;23(5):601-611. 
Author: Walter Heindel
BACKGROUND: Two dimensional (2D) full-field digital 
mammography is the current standard of breast cancer 
screening. Digital breast tomosynthesis generates 
pseudo-three dimensional datasets of the breast from which 
synthesised 2D (s2D) mammograms can be reconstructed. 
This innovative approach reduces the likelihood of overlapping 

breast tissues that can conceal features of malignancy. We 
aimed to compare digital breast tomosynthesis plus s2D 
mammography with digital screening mammography for the 
detection of invasive breast cancer.
METHODS: TOSYMA was a randomised, open-label, superiority 
trial done at 17 screening units in two federal states of 
Germany. Eligible participants were women aged 50–69 years 
who had been invited to participate in a populationwide, 
quality-controlled mammography screening programme. 
Women were randomly assigned (1:1) to digital breast 
tomosynthesis plus s2D mammography or digital 
mammography alone using block randomisation (block size of 
32), stratified by site. The primary endpoints were the detection 
rate of invasive breast cancer and invasive interval cancer rate 
at 24 months, analysed in the modified full analysis set, which 
included all randomly assigned participants who underwent 
either type of screening examination. Ten examinations, 
corresponding to a second study participation, were excluded. 
Analyses were done according to the intention-to-treat 
principle. Interval cancer rates will be reported in the follow-up 
study. Safety was assessed in the as-treated population, which 
included all participants who were randomly assigned. This 
trial is registered with ClinicalTrials.gov, NCT03377036, and is 
closed to accrual.
FINDINGS: Between July 5, 2018, and Dec 30, 2020, 99689 
women were randomly assigned to digital breast 
tomosynthesis plus s2D mammography (n=49804) or digital 
mammography (n=49830). Invasive breast cancers were 
detected in 354 of 49715 women with evaluable primary 
endpoint data in the digital breast tomosynthesis plus s2D 

group (detection rate 7•1 cases per 1000 women screened) and 
in 240 of 49762 women in the digital mammography group 
(4•8 cases per 1000 women screened; odds ratio 1•48 [95% CI 
1•25–1•75]; p<0•0001). Adverse events and device deficiencies 
were rare (six adverse events in each group; 23 device 
deficiencies in the digital breast tomosynthesis plus s2D group 
vs five device deficiencies in the digital mammography group) 
and no serious adverse events were reported.
INTERPRETATION: The results from this study indicate that the 
detection rate for invasive breast cancer was significantly 
higher with digital breast tomosynthesis plus s2D 
mammography than digital mammography alone. Evaluation 
of interval cancer rates in the follow-up study will further help 
to investigate incremental long-term benefits of digital breast 
tomosynthesis screening.
De-escalation of radiotherapy after primary chemotherapy in 
cT1-2N1 breast cancer (RAPCHEM; BOOG 2010-03): 5-year 
follow-up results of a Dutch, prospective, registry study 
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BACKGROUND: Primary chemotherapy in breast cancer poses 
a dilemma with regard to adjuvant locoregional radiotherapy, 
as guidelines for locoregional radiotherapy were originally 
based on pathology results of primary surgery. We aimed to 
evaluate the oncological safety of de-escalated locoregional 
radiotherapy in patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to a predefined, 
consensus-based study guideline. 

METHODS: In this prospective registry study (RAPCHEM, BOOG 
2010–03), patients referred to one of 17 participating radiation 
oncology centres in the Netherlands between Jan 1, 2011, and 
Jan 1, 2015, with cT1–2N1 breast cancer (one to three suspicious 
nodes on imaging before primary chemotherapy, of which at 
least one had been pathologically confirmed), and who were 
treated with primary chemotherapy and surgery of the breast 
and axilla were included in the study. The study guideline 
comprised three risk groups for locoregional recurrence, with 
corresponding locoregional radiotherapy recommendations: 
no chest wall radiotherapy and no regional radiotherapy in the 
low-risk group, only local radiotherapy in the intermediate-risk 
group, and locoregional radiotherapy in the high-risk group. 
Radiotherapy consisted of a biologically equivalent dose of 25 
fractions of 2 Gy, with or without a boost. During the study 
period, the generally applied radiotherapy technique in the 
Netherlands was forward-planned or inverse-planned intensity 
modulated radiotherapy. 5-year follow-up was assessed, taking 
into account adherence to the study guideline, with 
locoregional recurrence rate as primary endpoint. We 
hypothesised that 5-year locoregional recurrence rate would 
be less than 4% (upper-limit 95% CI 7•8%). This study was 
registered at ClinicalTrials.gov, NCT01279304, and is completed. 
FINDINGS: 838 patients were eligible for 5-year follow-up 
analyses: 291 in the low-risk group, 370 in the intermediaterisk 
group, and 177 in the high-risk group. The 5-year locoregional 
recurrence rate in all patients was 2•2% (95% CI 1•4–3•4). The 
5-year locoregional recurrence rate was 2•1% (0•9–4•3) in the 
low-risk group, 2•2% (1•0–4•1) in the intermediate-risk group, 
and 2•3% (0•8–5•5) in the high-risk group. If the study guideline 

was followed, the locoregional recurrence rate was 2•3% 
(0•8–5•3) for the low-risk group, 1•0% (0•2–3•4) for the 
intermediate-risk group, and 1•4% (0•3–4•5) for the high-risk 
group. 
INTERPRETATION: In this study, the 5-year locoregional 
recurrence rate was less than 4%, which supports our 
hypothesis that it is oncologically safe to de-escalate 
locoregional radiotherapy based on locoregional recurrence 
risk, in selected patients with cT1–2N1 breast cancer treated 
with primary chemotherapy, according to this predefined, 
consensusbased study guideline.
Treatment-related thoracic soft tissue sarcomas in US breast 
cancer survivors: A retrospective cohort study 

Citation: Lancet Oncol. 2022 Nov;23(11):1451-1464. 
Author: Lene H S Veiga
BACKGROUND: Soft tissue sarcoma is a rare but serious 
side-effect of radiotherapy to treat breast cancer, and rates are 
increasing in the USA. We evaluated potential co-factors in two 
complimentary cohorts of US breast cancer survivors.
METHODS: In this retrospective cohort study, we sourced data 
from the Kaiser Permanente (KP) cohort and the Surveillance, 
Epidemiology, and End Results (SEER) 13 registries cohort, both 
in the USA. The KP cohort included 15940 women diagnosed 
with breast cancer from Jan 1, 1990, to Dec 31, 2016, in KP 
Colorado, KP Northwest (which serves Oregon and Southwest 
Washington state), or KP Washington, with detailed treatment 
data and comorbidities (including hypertension and diabetes 
at or before breast cancer diagnosis) from electronic medical 

records. The SEER cohort included 457 300 women diagnosed 
with breast cancer from Jan 1, 1992, to Dec 31, 2016, within the 13 
SEER registries across the USA, with initial treatment data (yes 
vs no or unknown). Eligibility criteria in both cohorts were 
female breast cancer survivors (stage I–III) aged 20–84 years at 
diagnosis who had breast cancer surgery, and had survived at 
least 1 year after breast cancer diagnosis. The outcome of 
interest was any second thoracic soft tissue sarcoma 
(angiosarcomas and other subtypes) that developed at least 1 
year after breast cancer diagnosis. Risk factors for thoracic soft 
tissue sarcoma were assessed using multivariable Poisson 
regression models.
FINDINGS: In the KP cohort, median follow-up was 9•3 years 
(IQR 5•7–13•9) and 19 (0•1%) of 15 940 eligible, evaluable women 
developed a thoracic soft tissue sarcoma (11 angiosarcomas, 
eight other subtypes). Most (94•7%; 18 of 19) thoracic soft tissue 
sarcomas occurred in women treated with radiotherapy; thus, 
radiotherapy was associated with a significantly increased risk 
of developing a thoracic soft tissue sarcoma (relative risk [RR] 
8•1 [95% CI 1•1–60•4]; p=0•0052), but there was no association 
with prescribed dose, fractionation, or boost. The RR of 
angiosarcoma after anthracyclines was 3•6 (95% CI 1•0–13•3; 
p=0•058). Alkylating agents were associated with an increased 
risk of developing other sarcomas (RR 7•7 [95% CI 1•2–150•8]; 
p=0•026). History of hypertension (RR 4•8 [95% CI 1•3–17•6]; 
p=0•017) and diabetes (5•3 [1•4–20•8]; p=0•036) were each 
associated with around a five-times increased risk of 
angiosarcoma. In the SEER cohort, 430 (0•1%) of 457 300 
patients had subsequent thoracic soft tissue sarcomas (268 
angiosarcomas and 162 other subtypes) after a median 

follow-up of 8•3 years (IQR 4•3–13•9). Most (77•9%; 335 of 430) 
cases occurred after radiotherapy; thus, radiotherapy was 
associated with a significantly increased risk of developing a 
thoracic soft tissue sarcoma (RR 3•0 [95% CI 2•4–3•8]; p<0•0001) 
and, for angiosarcomas, the RR for breast-conserving surgery 
plus radiotherapy versus mastectomy plus radiotherapy was 1•9 
(1•1–3•3; p=0•012). By 10 years after radiotherapy, the cumulative 
incidence of thoracic soft tissue sarcoma was 0•21% (95% CI 
0•12–0•34) in the KP cohort and 0•15% (95% CI 0•13–0•17) in SEER.
INTERPRETATION: Radiotherapy was the strongest risk factor 
for thoracic soft tissue sarcoma in both cohorts. This finding, 
along with the novel findings for diabetes and hypertension as 
potential risk factors for angiosarcomas, warrant further 
investigation as potential targets for prevention strategies and 
increased surveillance.
FLASH Radiotherapy for the Treatment of Symptomatic Bone 
Metastases (FAST-01): Protocol for the First Prospective 
Feasibility Study

Citation: JMIR Res Protoc. 2022 Oct 4. 
Author: Emily C Daugherty
BACKGROUND: In preclinical studies, FLASH therapy (radiation 
delivered at ultra-high dose rates ?40 Gy/second) has been 
shown to cause less injury to normal tissues than radiotherapy 
delivered at conventional dose rates. This first-in-human 
clinical investigation is designed to assess the workflow 
feasibility of proton FLASH therapy treatment in a clinical 
setting for the treatment of painful bone metastases in the 
extremities. A single dose of 8 Gy will be administered, as this 
dose is well established for palliative therapy from prior 

investigations using conventional dose-rate photon 
radiotherapy. Use of this dose regimen will permit an 
assessment of FLASH treatment efficacy and toxicity relative to 
the historical comparators. 
OBJECTIVE: The FAST-01 study is a prospective, single-center 
study. Primary endpoints include assessing the workflow 
feasibility as well as the toxicities of FLASH treatment. The 
secondary endpoint is pain response at the treated site(s) as 
measured by patient reported pain scores, use of pain 
medication, and any flare in bone pain after treatment. 
METHODS: Following informed consent, 10 subjects ?18 years 
old with up to 3 painful bone metastases in the extremities 
(excluding feet, hands, wrists) will be enrolled. A treatment 
field selected from a pre-defined library of plans with fixed 
field sizes (from 7.5 cm x 7.5 cm up to 7.5 cm x 20 cm) will be 
used for treatment, and subjects will receive 8 Gy in a single 
fraction. A FLASH-enabled Varian ProBeam™ Proton Therapy 
unit will be used to deliver treatment to the target volume at a 
dose rate of ?40 Gy/sec using the plateau (transmission) 
portion of the proton beam. After treatment, patients will be 
assessed for pain response as well as any side-effects of FLASH 
radiation. 
RESULTS: Results will be compared to historically reported 
results with conventional dose-rate photon radiotherapy using 
the same radiation dose and fractionation. 
CONCLUSIONS: The results of this investigation will contribute 
to further developing and optimizing the FLASH- enabled 
ProBeam™ Proton Therapy System workflow. The pain 
response and toxicity data acquired on this study will provide 

greater understanding of FLASH treatment effects on tumor 
response and normal tissue toxicities, and they will inform 
future FLASH trial design. Clinical Trial: ClinicalTrials.gov 
NCT04592887
Contributions of screening, early-stage treatment, and 
metastatic treatment to breast cancer mortality reduction by 
molecular subtype in U.S. women, 2000-2017.

Citation: ASCO 2022 Abstract 1008 Journal of Clinical 
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Author: Jennifer Lee Caswell-Jin
BACKGROUND: Treatment for metastatic breast cancer has 
advanced since 2000, but we do not know if those advances 
have reduced mortality in the general population. 
Methods: Four Cancer Intervention and Surveillance Network 
(CISNET) models simulated US breast cancer mortality from 
2000 to 2017 using national data on mammography use and 
performance, efficacy and dissemination of estrogen receptor 
(ER) and HER2-specific treatments of early-stage (stages I-III) 
and metastatic (stage IV or distant recurrence) disease, and 
competing mortality. Models compared overall and 
ER/HER2-specific breast cancer mortality rates from 2000 to 
2017 relative to estimated rates with no screening or treatment, 
and attributed mortality reductions to screening, early-stage or 
metastatic treatment. Results of an exemplar model are 
shown. 
RESULTS: The mortality reduction attributable to early-stage 
treatment increased from 35.8% in 2000 to 48.2% in 2017, while 
the proportion attributable to metastatic treatment decreased 

slightly from 23.9% to 20.6%. The increasing contribution of 
early-stage treatment reflects the transition of effective 
metastatic treatments to early-stage disease: accordingly, 
ten-year distant recurrence-free survival improved (82.5% in 
2000, 87.3% in 2017; for ER+HER2+, 78.2% to 90.9%). Survival 
time after metastatic diagnosis also increased, doubling from 
1.48 years in 2000 to 2.80 years in 2017, with the best survival for 
women with ER+HER2+ cancers (4.08 years) and worst for 
ER-HER2- (1.22 years). 
CONCLUSIONS: Advances in metastatic breast cancer 
treatment are reflected in lower population mortality, both 
through transition to early-stage treatment and gains for 
women with metastatic disease. These results may inform 
patient/physician discussions about breast cancer prognosis 
and expected benefits of treatment.

Residual cancer burden after neoadjuvant chemotherapy and 
long-term survival outcomes in breast cancer: A multicentre 
pooled analysis of 5161 patients 

Citation: Lancet Oncol. 2022 Jan;23(1):149-160. 
Author: Christina Yau
BACKGROUND: Previous studies have independently validated 
the prognostic relevance of residual cancer burden (RCB) after 
neoadjuvant chemotherapy. We used results from several 
independent cohorts in a pooled patient-level analysis to 
evaluate the relationship of RCB with long-term prognosis 
across different phenotypic subtypes of breast cancer, to assess 
generalisability in a broad range of practice settings. 
METHODS: In this pooled analysis, 12 institutes and trials in 
Europe and the USA were identified by personal 
communications with site investigators. We obtained 
participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment 
and follow-up in November, 2019, from patients (aged ≥18 
years) with primary stage I–III breast cancer treated with 
neoadjuvant chemotherapy followed by surgery. We assessed 
the association between the continuous RCB score and the 
primary study outcome, event-free survival, using 
mixed-effects Cox models with the incorporation of random 
RCB and cohort effects to account for between-study 
heterogeneity, and stratification to account for differences in 
baseline hazard across cancer subtypes defined by hormone 
receptor status and HER2 status. The association was further 
evaluated within each breast cancer subtype in multivariable 
analyses incorporating random RCB and cohort effects and 

adjustments for age and pretreatment clinical T category, 
nodal status, and tumour grade. Kaplan-Meier estimates of 
event-free survival at 3, 5, and 10 years were computed for each 
RCB class within each subtype. 
FINDING: We analyzed participant-level data from 5161 patients 
treated with neoadjuvant chemotherapy between Sept 12, 
1994, and Feb 11, 2019. Median age was 49 years (IQR 20– 80). 
1164 event-free survival events occurred during follow-up 
(median follow-up 56 months [IQR 0–186]). RCB score was 
prognostic within each breast cancer subtype, with a higher 
RCB score significantly associated with worse event-free 
survival. The univariable hazard ratio (HR) associated with one 
unit increase in RCB ranged from 1•55 (95% CI 1•41–1•71) for 
hormone receptor-positive, HER2-negative patients to 2•16 
(1•79–2•61) for the hormone receptor-negative,HER2-positive 
group (with or without HER2-targeted therapy; p<0•0001 for all 
subtypes). RCB score remained prognostic for event-free 
survival in multivariable models adjusted for age, grade, T 
category, and nodal status at baseline: the adjusted HR ranged 
from 1•52 (1•36–1•69) in the hormone receptor-positive, 
HER2-negative group to 2•09 (1•73–2•53) in the hormone 
receptor-negative, HER2-positive group (p<0•0001 for all 
subtypes).
INTERPRETATION: RCB score and class were independently 
prognostic in all subtypes of breast cancer and generalizable to 
multiple practice settings. Although variability in hormone 
receptor subtype definitions and treatment across patients are 
likely to affect prognostic performance, the association we 
observed between RCB and a patient’s residual risk suggests 
that prospective evaluation of RCB could be considered to 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 
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trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
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BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)

Citation: ESMO Breast Cancer Congress 163O
Author: Giuseppe Curigliano

BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer
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BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
Author: Erika P. Hamilton
BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
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Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
Author: Rupert Bartsch
Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)

Citation: ESMO Breast Cancer Congress 163O
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
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BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
Author: Erika P. Hamilton
BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

5656



Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03

Citation: SABCS/GS2-02
Author: Sara Hurvitz
BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
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Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
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BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
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BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
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Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
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Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
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Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial
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BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
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BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
Author: Erika P. Hamilton
BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
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Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
Author: Rupert Bartsch
Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
Author: Rupert Bartsch
Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)

Citation: ESMO Breast Cancer Congress 163O
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
Author: Erika P. Hamilton
BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
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BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer
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BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
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Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
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BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03

Citation: SABCS/GS2-02
Author: Sara Hurvitz
BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
Author: Rupert Bartsch
Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)

Citation: ESMO Breast Cancer Congress 163O
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
Author: Erika P. Hamilton
BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)

Citation: ESMO Breast Cancer Congress 163O
Author: Giuseppe Curigliano

BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03

Citation: SABCS/GS2-02
Author: Sara Hurvitz
BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
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Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
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BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
Author: Erika P. Hamilton
BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
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Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03

Citation: SABCS/GS2-02
Author: Sara Hurvitz
BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
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Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
Author: Rupert Bartsch
Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)

Citation: ESMO Breast Cancer Congress 163O
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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(suppl_7): S808-S869.10.1016/annonc/annonc1089 
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial
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BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer
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BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03

Citation: SABCS/GS2-02
Author: Sara Hurvitz
BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
Author: Rupert Bartsch
Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)

Citation: ESMO Breast Cancer Congress 163O
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
Author: Erika P. Hamilton
BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03

Citation: SABCS/GS2-02
Author: Sara Hurvitz
BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
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Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
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BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer
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BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
Author: Rupert Bartsch
Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03

Citation: SABCS/GS2-02
Author: Sara Hurvitz
BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
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Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)

Citation: ESMO Breast Cancer Congress 163O
Author: Giuseppe Curigliano

BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03

Citation: SABCS/GS2-02
Author: Sara Hurvitz
BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
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BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
Author: Rupert Bartsch
Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)

Citation: ESMO Breast Cancer Congress 163O
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
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Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03

Citation: SABCS/GS2-02
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
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Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
Author: Rupert Bartsch
Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)

Citation: ESMO Breast Cancer Congress 163O
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03

Citation: SABCS/GS2-02
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
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BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03

Citation: SABCS/GS2-02
Author: Sara Hurvitz
BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

showed a greater reduction in total HER2 and HER2 signaling 
in response to combination tx than with T-DXd or P alone.
DISCUSSION: In summary, 1L T-DXd monotherapy and T-DXd + 
P safety profiles and antitumor activity were consistent with 
those previously reported for T-DXd. Mature data in these mods 
are awaited, and other T-DXd combinations are being 
investigated in additional mods. Preclinical studies showed the 
potential for P to induce greater internalization of T-DXd and 
inhibition of HER2-driven signaling. These results support 
investigation of T-DXd in larger ongoing trials (eg, 
NCT04784715).

CONCLUSIONS: PyroHT significantly prolonged PFS over HT in 
pts with HER2-positive mBC. The safety is manageable. To our 
knowledge, this is the second phase 3 trial to demonstrate PFS 
benefit from dual HER2 inhibition in 1L treatment of 
HER2-positive mBC.
Dose-expansion study of trastuzumab deruxtecan as 
monotherapy or combined with pertuzumab in patients with 
metastatic human epidermal growth factor receptor 2-positive 
(HER2+) breast cancer in DESTINY-Breast07 (DB-07).

Citation: SABCS Abstract PD18-11 
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BACKGROUND: In trials of HER2+ metastatic breast cancer 
(mBC), trastuzumab deruxtecan (T-DXd) monotherapy showed 
durable efficacy (DESTINY-Breast01) and significantly 
prolonged progression-free survival vs trastuzumab emtansine 
(DESTINY-Breast03). T-DXd is approved in the US for patients 
with HER2+ unresectable/mBC who received ≥1 prior 
anti-HER2–based treatment (tx) in the metastatic or 
neo-/adjuvant setting and recommended for approval in the 
EU as 2nd-line tx. Preclinical data suggest that T-DXd used in 
combination with other anticancer tx may lead to improved 
efficacy. The purpose of DB-07 is to assess the safety and 
efficacy of T-DXd alone or with other anticancer tx for patients 
with HER2+ mBC. Here we report preliminary data from the 
DB-07 dose-expansion phase for T-DXd monotherapy and 
T-DXd + pertuzumab (P) as 1st-line (1L) tx in mBC.
METHODS: DB-07 (NCT04538742) is an ongoing, phase 1b/2, 
2-part (part 1: dose finding; part 2: dose expansion), modular, 
open-label trial of T-DXd alone or with other anticancer tx in 

patients with HER2+ mBC. In part 2, patients in module (mod) 
0 received T-DXd 5.4 mg/kg every 3 weeks (Q3W) and in mod 2, 
T-DXd 5.4 mg/kg + P 420 mg Q3W (loading dose: 840 mg), the 
recommended phase 2 dose. Patients in these mods must be 
mBCtx naive. For part 2, the primary objective is to assess safety 
and tolerability. A secondary objective is to assess the objective 
response rate (ORR) per local investigators by Response 
Evaluation Criteria In Solid Tumors v1.1. We report results for 
patients randomized before Oct 13, 2021 to mods 0 and 2 of part 
2 (data cutoff [DCO]: Mar 4, 2022); recruitment is ongoing. 
Based on the distinct mechanism of action of T-DXd and P, we 
conducted preclinical studies with the drugs in 
HER2-overexpressing cell lines to elucidate their potential 
synergies. To assess the effects on T-DXd internalization, live 
cell imaging was performed using pH-dependent fluorescently 
labeled T-DXd. To assess the effects on HER2 signaling, total 
and p-HER2 levels and downstream substrates were evaluated 
by immunoblot.
RESULTS: 23 patients were enrolled in the T-DXd monotherapy 
mod; 20 (87.0%) were receiving tx and 3 (13.0%) discontinued tx 
(withdrawal by patient, n=2; adverse event [AE], n=1) by DCO. 22 
patients were enrolled in the T-DXd + P mod; 20 (90.9%) were 
receiving tx and 2 (9.1%) discontinued tx (AE, n=1; disease 
progression, n=1) by DCO. All patients experienced AEs (Table); 1 
patient in each mod died. The unconfirmed ORR (80% CI) with 
T-DXd monotherapy and T-DXd + P was 82.6% (68.2%-92.2%) 
and 77.3% (61.9%-88.5%), respectively; updated data will be 
presented. Preclinical studies showed that T-DXd was more 
rapidly and effectively internalized in combination with P than 
when administered alone. Immunoblotting of cell lysates 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
Author: Rupert Bartsch
Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
Author: Erika P. Hamilton
BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
Author: Clelia Chalumeau
BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
Author: Fabrice André
BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

showed a greater reduction in total HER2 and HER2 signaling 
in response to combination tx than with T-DXd or P alone.
DISCUSSION: In summary, 1L T-DXd monotherapy and T-DXd + 
P safety profiles and antitumor activity were consistent with 
those previously reported for T-DXd. Mature data in these mods 
are awaited, and other T-DXd combinations are being 
investigated in additional mods. Preclinical studies showed the 
potential for P to induce greater internalization of T-DXd and 
inhibition of HER2-driven signaling. These results support 
investigation of T-DXd in larger ongoing trials (eg, 
NCT04784715).

CONCLUSIONS: PyroHT significantly prolonged PFS over HT in 
pts with HER2-positive mBC. The safety is manageable. To our 
knowledge, this is the second phase 3 trial to demonstrate PFS 
benefit from dual HER2 inhibition in 1L treatment of 
HER2-positive mBC.
Dose-expansion study of trastuzumab deruxtecan as 
monotherapy or combined with pertuzumab in patients with 
metastatic human epidermal growth factor receptor 2-positive 
(HER2+) breast cancer in DESTINY-Breast07 (DB-07).

Citation: SABCS Abstract PD18-11 
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BACKGROUND: In trials of HER2+ metastatic breast cancer 
(mBC), trastuzumab deruxtecan (T-DXd) monotherapy showed 
durable efficacy (DESTINY-Breast01) and significantly 
prolonged progression-free survival vs trastuzumab emtansine 
(DESTINY-Breast03). T-DXd is approved in the US for patients 
with HER2+ unresectable/mBC who received ≥1 prior 
anti-HER2–based treatment (tx) in the metastatic or 
neo-/adjuvant setting and recommended for approval in the 
EU as 2nd-line tx. Preclinical data suggest that T-DXd used in 
combination with other anticancer tx may lead to improved 
efficacy. The purpose of DB-07 is to assess the safety and 
efficacy of T-DXd alone or with other anticancer tx for patients 
with HER2+ mBC. Here we report preliminary data from the 
DB-07 dose-expansion phase for T-DXd monotherapy and 
T-DXd + pertuzumab (P) as 1st-line (1L) tx in mBC.
METHODS: DB-07 (NCT04538742) is an ongoing, phase 1b/2, 
2-part (part 1: dose finding; part 2: dose expansion), modular, 
open-label trial of T-DXd alone or with other anticancer tx in 

patients with HER2+ mBC. In part 2, patients in module (mod) 
0 received T-DXd 5.4 mg/kg every 3 weeks (Q3W) and in mod 2, 
T-DXd 5.4 mg/kg + P 420 mg Q3W (loading dose: 840 mg), the 
recommended phase 2 dose. Patients in these mods must be 
mBCtx naive. For part 2, the primary objective is to assess safety 
and tolerability. A secondary objective is to assess the objective 
response rate (ORR) per local investigators by Response 
Evaluation Criteria In Solid Tumors v1.1. We report results for 
patients randomized before Oct 13, 2021 to mods 0 and 2 of part 
2 (data cutoff [DCO]: Mar 4, 2022); recruitment is ongoing. 
Based on the distinct mechanism of action of T-DXd and P, we 
conducted preclinical studies with the drugs in 
HER2-overexpressing cell lines to elucidate their potential 
synergies. To assess the effects on T-DXd internalization, live 
cell imaging was performed using pH-dependent fluorescently 
labeled T-DXd. To assess the effects on HER2 signaling, total 
and p-HER2 levels and downstream substrates were evaluated 
by immunoblot.
RESULTS: 23 patients were enrolled in the T-DXd monotherapy 
mod; 20 (87.0%) were receiving tx and 3 (13.0%) discontinued tx 
(withdrawal by patient, n=2; adverse event [AE], n=1) by DCO. 22 
patients were enrolled in the T-DXd + P mod; 20 (90.9%) were 
receiving tx and 2 (9.1%) discontinued tx (AE, n=1; disease 
progression, n=1) by DCO. All patients experienced AEs (Table); 1 
patient in each mod died. The unconfirmed ORR (80% CI) with 
T-DXd monotherapy and T-DXd + P was 82.6% (68.2%-92.2%) 
and 77.3% (61.9%-88.5%), respectively; updated data will be 
presented. Preclinical studies showed that T-DXd was more 
rapidly and effectively internalized in combination with P than 
when administered alone. Immunoblotting of cell lysates 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial
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BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience
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PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial

Citation: ESMO Congress LBA18
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

showed a greater reduction in total HER2 and HER2 signaling 
in response to combination tx than with T-DXd or P alone.
DISCUSSION: In summary, 1L T-DXd monotherapy and T-DXd + 
P safety profiles and antitumor activity were consistent with 
those previously reported for T-DXd. Mature data in these mods 
are awaited, and other T-DXd combinations are being 
investigated in additional mods. Preclinical studies showed the 
potential for P to induce greater internalization of T-DXd and 
inhibition of HER2-driven signaling. These results support 
investigation of T-DXd in larger ongoing trials (eg, 
NCT04784715).

CONCLUSIONS: PyroHT significantly prolonged PFS over HT in 
pts with HER2-positive mBC. The safety is manageable. To our 
knowledge, this is the second phase 3 trial to demonstrate PFS 
benefit from dual HER2 inhibition in 1L treatment of 
HER2-positive mBC.
Dose-expansion study of trastuzumab deruxtecan as 
monotherapy or combined with pertuzumab in patients with 
metastatic human epidermal growth factor receptor 2-positive 
(HER2+) breast cancer in DESTINY-Breast07 (DB-07).
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BACKGROUND: In trials of HER2+ metastatic breast cancer 
(mBC), trastuzumab deruxtecan (T-DXd) monotherapy showed 
durable efficacy (DESTINY-Breast01) and significantly 
prolonged progression-free survival vs trastuzumab emtansine 
(DESTINY-Breast03). T-DXd is approved in the US for patients 
with HER2+ unresectable/mBC who received ≥1 prior 
anti-HER2–based treatment (tx) in the metastatic or 
neo-/adjuvant setting and recommended for approval in the 
EU as 2nd-line tx. Preclinical data suggest that T-DXd used in 
combination with other anticancer tx may lead to improved 
efficacy. The purpose of DB-07 is to assess the safety and 
efficacy of T-DXd alone or with other anticancer tx for patients 
with HER2+ mBC. Here we report preliminary data from the 
DB-07 dose-expansion phase for T-DXd monotherapy and 
T-DXd + pertuzumab (P) as 1st-line (1L) tx in mBC.
METHODS: DB-07 (NCT04538742) is an ongoing, phase 1b/2, 
2-part (part 1: dose finding; part 2: dose expansion), modular, 
open-label trial of T-DXd alone or with other anticancer tx in 

patients with HER2+ mBC. In part 2, patients in module (mod) 
0 received T-DXd 5.4 mg/kg every 3 weeks (Q3W) and in mod 2, 
T-DXd 5.4 mg/kg + P 420 mg Q3W (loading dose: 840 mg), the 
recommended phase 2 dose. Patients in these mods must be 
mBCtx naive. For part 2, the primary objective is to assess safety 
and tolerability. A secondary objective is to assess the objective 
response rate (ORR) per local investigators by Response 
Evaluation Criteria In Solid Tumors v1.1. We report results for 
patients randomized before Oct 13, 2021 to mods 0 and 2 of part 
2 (data cutoff [DCO]: Mar 4, 2022); recruitment is ongoing. 
Based on the distinct mechanism of action of T-DXd and P, we 
conducted preclinical studies with the drugs in 
HER2-overexpressing cell lines to elucidate their potential 
synergies. To assess the effects on T-DXd internalization, live 
cell imaging was performed using pH-dependent fluorescently 
labeled T-DXd. To assess the effects on HER2 signaling, total 
and p-HER2 levels and downstream substrates were evaluated 
by immunoblot.
RESULTS: 23 patients were enrolled in the T-DXd monotherapy 
mod; 20 (87.0%) were receiving tx and 3 (13.0%) discontinued tx 
(withdrawal by patient, n=2; adverse event [AE], n=1) by DCO. 22 
patients were enrolled in the T-DXd + P mod; 20 (90.9%) were 
receiving tx and 2 (9.1%) discontinued tx (AE, n=1; disease 
progression, n=1) by DCO. All patients experienced AEs (Table); 1 
patient in each mod died. The unconfirmed ORR (80% CI) with 
T-DXd monotherapy and T-DXd + P was 82.6% (68.2%-92.2%) 
and 77.3% (61.9%-88.5%), respectively; updated data will be 
presented. Preclinical studies showed that T-DXd was more 
rapidly and effectively internalized in combination with P than 
when administered alone. Immunoblotting of cell lysates 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up
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BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
Author: Rupert Bartsch
Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)

Citation: ESMO Breast Cancer Congress 163O
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
Author: Erika P. Hamilton
BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03

Citation: SABCS/GS2-02
Author: Sara Hurvitz
BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study

Citation: J ClinOncol. 2022 Feb 10;40(5):438-448.
Author: Ian E Krop
PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 

Citation: J ClinOncol. 2022 Sep 1; 40(25): 2946–2956.Jens 
Author: Huober
PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

showed a greater reduction in total HER2 and HER2 signaling 
in response to combination tx than with T-DXd or P alone.
DISCUSSION: In summary, 1L T-DXd monotherapy and T-DXd + 
P safety profiles and antitumor activity were consistent with 
those previously reported for T-DXd. Mature data in these mods 
are awaited, and other T-DXd combinations are being 
investigated in additional mods. Preclinical studies showed the 
potential for P to induce greater internalization of T-DXd and 
inhibition of HER2-driven signaling. These results support 
investigation of T-DXd in larger ongoing trials (eg, 
NCT04784715).

CONCLUSIONS: PyroHT significantly prolonged PFS over HT in 
pts with HER2-positive mBC. The safety is manageable. To our 
knowledge, this is the second phase 3 trial to demonstrate PFS 
benefit from dual HER2 inhibition in 1L treatment of 
HER2-positive mBC.
Dose-expansion study of trastuzumab deruxtecan as 
monotherapy or combined with pertuzumab in patients with 
metastatic human epidermal growth factor receptor 2-positive 
(HER2+) breast cancer in DESTINY-Breast07 (DB-07).
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BACKGROUND: In trials of HER2+ metastatic breast cancer 
(mBC), trastuzumab deruxtecan (T-DXd) monotherapy showed 
durable efficacy (DESTINY-Breast01) and significantly 
prolonged progression-free survival vs trastuzumab emtansine 
(DESTINY-Breast03). T-DXd is approved in the US for patients 
with HER2+ unresectable/mBC who received ≥1 prior 
anti-HER2–based treatment (tx) in the metastatic or 
neo-/adjuvant setting and recommended for approval in the 
EU as 2nd-line tx. Preclinical data suggest that T-DXd used in 
combination with other anticancer tx may lead to improved 
efficacy. The purpose of DB-07 is to assess the safety and 
efficacy of T-DXd alone or with other anticancer tx for patients 
with HER2+ mBC. Here we report preliminary data from the 
DB-07 dose-expansion phase for T-DXd monotherapy and 
T-DXd + pertuzumab (P) as 1st-line (1L) tx in mBC.
METHODS: DB-07 (NCT04538742) is an ongoing, phase 1b/2, 
2-part (part 1: dose finding; part 2: dose expansion), modular, 
open-label trial of T-DXd alone or with other anticancer tx in 

patients with HER2+ mBC. In part 2, patients in module (mod) 
0 received T-DXd 5.4 mg/kg every 3 weeks (Q3W) and in mod 2, 
T-DXd 5.4 mg/kg + P 420 mg Q3W (loading dose: 840 mg), the 
recommended phase 2 dose. Patients in these mods must be 
mBCtx naive. For part 2, the primary objective is to assess safety 
and tolerability. A secondary objective is to assess the objective 
response rate (ORR) per local investigators by Response 
Evaluation Criteria In Solid Tumors v1.1. We report results for 
patients randomized before Oct 13, 2021 to mods 0 and 2 of part 
2 (data cutoff [DCO]: Mar 4, 2022); recruitment is ongoing. 
Based on the distinct mechanism of action of T-DXd and P, we 
conducted preclinical studies with the drugs in 
HER2-overexpressing cell lines to elucidate their potential 
synergies. To assess the effects on T-DXd internalization, live 
cell imaging was performed using pH-dependent fluorescently 
labeled T-DXd. To assess the effects on HER2 signaling, total 
and p-HER2 levels and downstream substrates were evaluated 
by immunoblot.
RESULTS: 23 patients were enrolled in the T-DXd monotherapy 
mod; 20 (87.0%) were receiving tx and 3 (13.0%) discontinued tx 
(withdrawal by patient, n=2; adverse event [AE], n=1) by DCO. 22 
patients were enrolled in the T-DXd + P mod; 20 (90.9%) were 
receiving tx and 2 (9.1%) discontinued tx (AE, n=1; disease 
progression, n=1) by DCO. All patients experienced AEs (Table); 1 
patient in each mod died. The unconfirmed ORR (80% CI) with 
T-DXd monotherapy and T-DXd + P was 82.6% (68.2%-92.2%) 
and 77.3% (61.9%-88.5%), respectively; updated data will be 
presented. Preclinical studies showed that T-DXd was more 
rapidly and effectively internalized in combination with P than 
when administered alone. Immunoblotting of cell lysates 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial
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BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

8383



Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
Author: Rupert Bartsch
Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
Author: Javier Cortés
BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial

Citation: JAMA Oncol. 2022 Sep 1;8(9):1271-1277. 
Author: Hee Kyung Ahn
IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer

Citation: JAMA Oncol. 2022 Apr 1;8(4):597-606. doi: 
10.1001/jamaoncol.2021.8049. 
Author: Wei Fang Dai
IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial

Citation: ESMO Congress LBA19 Annals of Oncology (2022) 33 
(suppl_7): S808-S869.10.1016/annonc/annonc1089 
Author: Binghe Xu 
BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 
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Adjuvant Pertuzumab And Trastuzumab In Patients With Early 
HER-2 Positive Breast Cancer In Aphinity: 8.4 Years' Follow-Up

Citation: ESMO VIRTUAL PLENARY ABSTRACT| VOLUME 33, 
ISSUE 9, P986-987, SEPTEMBER 01, 2022
Author: S. Loibl
BACKGROUND: From Nov 2011 until Aug2013, the randomized, 
phase III, double-blind APHINITY trial enrolled 2400 patients 
with HER2þ, operable breast cancer assigned to receive 
pertuzumab (P) added to adjuvant trastuzumab (T) and 
chemotherapy and 2405 to receive placebo plus T and 
chemotherapy.
METHODS: The primary analysis demonstrated that adding P 
to T plus chemotherapy statistically significantly improved 
invasive disease-free survival (IDFS) leading to a new standard 
of care for high-risk patients. Two pre-specified analyses of 
overall survival (OS) did not reach statistical significance. We 
now report the results of the 3rd pre-specified analysis of OS 
and updated descriptive analyses of IDFS.
RESULTS: With 8.4 years of median follow-up (clinical cut-off 
date 10 Jan 2022) fewer deaths were observed in the P group 
[168 (7.0%) vs 202 (8.4%)]. Statistical significance (p-value 
<0.0060 required) was not reached.The hazard ratio forOS is 
0.83 [95% CI 0.68-1.02 (p¼0.078)]; 8-year OS are 92.7% vs 92.0% 
(0.7% difference). Updated IDFS results based on 609 events in 
the ITT population are: hazard ratio 0.77 [95% CI 0.66-0.91]; 
8-year IDFS are 88.4% vs 85.8% (2.6% difference), respectively. 
The difference was due mainly to the reduction in distant (6.2% 

vs 8.5%) and locoregional (1.3% vs 2.4%) BC relapses. The node 
positive (Nþ) cohort continues to derive clear IDFS benefit from 
the addition of P: hazard ratio 0.72 (95% CI 0.60-0.87).The 
benefit in terms of 8-year IDFS is 4.9% [86.1% vs 81.2%]. In the N- 
cohort, the IDFS hazard ratio is 1.01 with>92% of patients being 
event-free in both arms at 8 years. IDFS benefit of P is seen in 
both the HR- and HRþ cohorts: IDFS hazard ratio for HR- is 0.82 
(95% CI 0.64-1.06). IDFS hazard ratio for HRþ is 0.75 (95 % CI 
0.61-0.92). No new cardiac safety concerns emerged.
CONCLUSIONS: After 8.4 years of median follow-up, no 
statistically significant difference in OS was found. IDFS benefit 
of P in HER2þ early BC is maintained, with the benefit 
continuing in the Nþ cohort, regardless of HR status. HR status 
should not guide P treatment decisions. Continued follow up 
of patients is needed to determine possible survival benefit 
and long-term safety of adding adjuvant P to T. The final OS 
analysis is planned when 640 deaths have occurred.
De-escalated neoadjuvant pertuzumab plus trastuzumab 
therapy with or without weekly paclitaxel in HER2-positive, 
hormone receptor-negative, early breast cancer 
(WSG-ADAPT-HER2+/HR-): Survival outcomes from a 
multicentre, open-label, randomised, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 May;23(5):625-635.
Author: Ulrike Nitz
BACKGROUND: Several de-escalation neoadjuvant strategies 
have been investigated to reduce the use of chemotherapy in 
HER2-positive early breast cancer using pathological complete 
response as a surrogate endpoint; there are few survival data 

from these trials. Here, we report 5-year survival data in the 
WSG-ADAPT-HER2+/HR– trial and address the effect of 
pathological complete response, early therapy response, and 
molecular subtype.
METHODS: WSG-ASAPT-HER2+/HR–, a part of the ADAPT 
umbrella trial performed in patients with different subtypes of 
early breast cancer, was an investigator-initiated, multicentre, 
open-label, randomised, phase 2 trial done at 40 Breast Cancer 
Centres in Germany. Eligible patients were aged 18 years or 
older with histologically confirmed, unilateral, primary invasive, 
non-inflammatory early breast cancer, hormone 
receptor-negative and HER2-positive status, and an Eastern 
Cooperative Oncology Group performance status of 0 or 1 or a 
Karnofsky performance status of at least 80%. Patients were 
randomly assigned (5:2, block size 21, stratified by centre and 
clinical nodal status) to 12 weeks of either trastuzumab (8 
mg/kg loading dose, then 6 mg/kg every 3 weeks) plus 
pertuzumab (840 mg loading dose, then 420 mg every 3 
weeks) or trastuzumab plus pertuzumab plus paclitaxel (80 
mg/m² weekly); all drugs were administered intravenously. The 
primary objective of the trial was to compare the number of 
patients with a pathological complete response at surgery (ie, 
no invasive tumour cells in breast and lymph nodes [ypT0/is 
ypN0], the primary endpoint) in early responders (ie, low 
cellularity or Ki67 decrease ≥30% after 3 weeks) in the 
trastuzumab plus pertuzumab group versus all patients 
(irrespective of an early response) in the trastuzumab plus 
pertuzumab plus paclitaxel group. Non-inferiority was defined 
as a pathological complete response no worse than 23% lower 
in the early-responder proportion of patients in the 

estimable) and 95% (88–98) for locoregional relapse-free 
survival (HR 0•41, 95% CI 0•05–3•75; p=0•43); 98% (95% CI 84–100) 
and 92% (83–96) for distant disease-free survival (HR 0•35, 95% 
CI 0•04–3•12; p=0•36), and 98% (95% CI 84–100) and 94% (86–97) 
for overall survival (HR 0•41, 95% CI 0•05–3•63; p=0•43). 
Pathological complete response was associated with improved 
invasive disease-free survival (HR 0•14, 95% CI 0•03–0•64; 
p=0•011). Two invasive disease-free survival events occurred 
after a pathological complete response (one in each treatment 
group).
INTERPRETATION: The WSG-ADAPT-HER2+/HR– trial showed 
good survival rates in patients with a pathological complete 
response after de-escalated 12-week trastuzumab plus 
pertuzumab with or without weekly paclitaxel. Omission of 
further chemotherapy did not affect invasive disease-free 
survival in patients with a pathological complete response. 12 
weeks of weekly paclitaxel plus dual HER2 blockade could be 
an efficacious de-escalated neoadjuvant regimen in patients 
with hormone receptor-negative, HER2-positive early breast 
cancer with high pathological complete response rates and 
good 5-year outcomes. Further trials of this approach are 
ongoing.
Tucatinib versus placebo added to trastuzumab and 
capecitabine for patients with pretreated HER2+ metastatic 
breast cancer with and without brain metastases (HER2CLIMB): 
Final overall survival analysis Randomized Controlled Trial

Citation: Ann Oncol. 2022 Mar;33(3):321-329.
Author: G Curigliano

BACKGROUND: In the primary analysis of the HER2CLIMB trial, 
tucatinib added to trastuzumab and capecitabine significantly 
improved overall survival (OS) and progression-free survival 
(PFS) in patients with human epidermal growth factor receptor 
2 positive (HER2þ) metastatic breast cancer. We report efficacy 
and safety outcomes, including the final OS and safety 
outcomes from follow-up in HER2CLIMB.
Patients and methods: HER2CLIMB is a randomized, 
double-blind, placebo-controlled trial in patients with locally 
advanced or metastatic HER2þ breast cancer, including 
patients with brain metastases. Patients were randomized 2 : 1 
to receive tucatinib or placebo, in combination with 
trastuzumab and capecitabine. After the primary analysis 
(median follow-up of 14 months), the protocol was amended to 
allow for unblinding sites to treatment assignment and 
cross-over from the placebo combination to the tucatinib 
combination. Protocol prespecified descriptive analyses of OS, 
PFS (by investigator assessment), and safety were carried out 
at w2 years from the last patient randomized.
RESULTS: Six hundred and twelve patients enrolled in the 
HER2CLIMB trial. At a median OS follow-up of 29.6 months, 
median duration of OS was 24.7 months for the tucatinib 
combination group versus 19.2 months for the placebo 
combination group [hazard ratio (HR) for death: 0.73, 95% 
confidence interval (CI): 0.59-0.90, P ¼ 0.004] and OS at 2 years 
was 51% and 40%, respectively. HRs for OS across prespecified 
subgroups were consistent with the HR for the overall study 
population. Median duration of PFS was 7.6 months for the 
tucatinib combination group versus 4.9 months for the 

placebo combination group (HR for progression or death: 0.57, 
95% CI: 0.47-0.70, P < 0.00001) and PFS at 1 year was 29% and 
14%, respectively. The tucatinib combination was well tolerated 
with a low rate of discontinuation due to adverse events.
CONCLUSIONS: With additional follow-up, the tucatinib 
combination provided a clinically meaningful survival benefit 
for patients with HER2þ metastatic breast cancer.
KEY WORDS: metastatic breast cancer, human epidermal 
growth factor receptor 2-positive (HER2), brain metastases, 
tucatinib, trastuzumab, capecitabine
Clinical Profile and Outcome of Patients With Human Epidermal 
Growth Factor Receptor 2-Positive Breast Cancer With Brain 
Metastases: Real-World Experience

Citation: JCO Glob Oncol. 2022 Sep;8:e2200126.
Author: Prabhat Bhargava
PURPOSE: There are sparse data in patients with human 
epidermal growth factor receptor 2 (HER2)–positive breast 
cancer with brain metastases from real-world settings, 
especially where access to newer targeted therapies is limited.
METHODS This was a single institution, retrospective cohort 
study of patients with HER2-positive breast cancer diagnosed 
between January 2013 and December 2017 to have brain 
metastases and treated with any HER2- targeted therapy. The 
main objectives were to estimate progression-free survival 
(PFS) and overall survival (OS) from the time of brain 
metastases.

RESULTS: A total of 102 patients with a median age of 52 
(interquartile range, 45-57) years were included, of whom 63 
(61.8%) had received one line and 14 (13.7%) had received two 
lines of HER2-targeted therapies before brain metastasis, 98 
(96.1%) were symptomatic at presentation, 22 (25.3%) had 
solitary brain lesion, 22 (25.3%) had 2-5 lesions, and 43 (49.4%) 
had ≥ 5 lesions. Local treatment included surgical resection in 
nine (8.9%) and radiotherapy in all (100%) patients. The first 
HER2-targeted therapy after brain metastasis was lapatinib in 
71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab 
in three (2.9%), trastuzumab emtansine in four (3.9%), and 
intrathecal trastuzumab in five (4.9%) patients. At a median 
follow-up of 13.9 months, the median PFS and OS were 8 (95% 
CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2) months, 
respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The 
median PFS in patients who received lapatinib-capecitabine 
regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.
CONCLUSION: There was a substantial clinical benefit of local 
and systemic therapy in patients with brain metastases and 
HER2-positive disease in a real-world setting with limited 
access to newer HER2-targeted drugs.
Trastuzumab-deruxtecan (T-DXd) in HER2- positive breast 
cancer patients (pts) with active brain metastases: Primary 
outcome analysis from the TUXEDO-1 trial

Citation: ESMO Breast Cancer Congress 165MO
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Trastuzumab deruxtecan is an antibody–drug conjugate with 
high extracranial activity in human epidermal growth factor 
receptor 2 (HER2)-positive metastatic breast cancer. We 

conducted the prospective, open-label, single-arm, phase 2 
TUXEDO-1 trial. We enrolled patients aged ≥18 years with 
HER2-positive breast cancer and newly diagnosed untreated 
brain metastases or brain metastases progressing after 
previous local therapy, previous exposure to trastuzumab and 
pertuzumab and no indication for immediate local therapy. 
Patients received trastuzumab deruxtecan intravenously at the 
standard dose of 5.4 mg per kg bodyweight once every 3 
weeks. The primary endpoint was intracranial response rate 
measured according to the response assessment in 
neuro-oncology brain metastases criteria. A Simon two-stage 
design was used to compare a null hypothesis of <26% 
response rate against an alternative of 61%. Fifteen patients 
were enrolled in the intention-to-treat population of patients 
who received at least one dose of study drug. Two patients 
(13.3%) had a complete intracranial response, nine (60%) had a 
partial intracranial response and three (20%) had stable disease 
as the best intracranial response, with a best overall intracranial 
response rate of 73.3% (95% confidential interval 48.1–89.1%), 
thus meeting the predefined primary outcome. No new safety 
signals were observed and global quality-of-life and cognitive 
functioning were maintained over the treatment duration. In 
the TUXEDO-1 trial (NCT04752059, EudraCT 2020-000981-41), 
trastuzumab deruxtecan showed a high intracranial response 
rate in patients with active brain metastases from 
HER2-positive breast cancer and should be considered as a 
treatment option in this setting.

Trastuzumab Deruxtecan versus Trastuzumab Emtansine for 
Breast Cancer

Citation: Clinical Trial N Engl J Med. 2022 Mar 
24;386(12):1143-1154.
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BACKGROUND: Trastuzumab emtansine is the current 
standard treatment for patients with human epidermal 
growth factor receptor 2 (HER2)–positive metastatic breast 
cancer whose disease progresses after treatment with a 
combination of anti-HER2 antibodies and a taxane.
METHODS: We conducted a phase 3, multicenter, open-label, 
randomized trial to compare the efficacy and safety of 
trastuzumab deruxtecan (a HER2 antibody–drug conjugate) 
with those of trastuzumab emtansine in patients with 
HER2-positive metastatic breast cancer previously treated with 
trastuzumab and a taxane. The primary end point was 
progression-free survival (as determined by blinded 
independent central review); secondary end points included 
overall survival, objective response, and safety.
RESULTS: Among 524 randomly assigned patients, the 
percentage of those who were alive without disease 
progression at 12 months was 75.8% (95% confidence interval 
[CI], 69.8 to 80.7) with trastuzumab deruxtecan and 34.1% (95% 
CI, 27.7 to 40.5) with trastuzumab emtansine (hazard ratio for 
progression or death from any cause, 0.28; 95% CI, 0.22 to 0.37; 
P<0.001). The percentage of patients who were alive at 12 
months was 94.1% (95% CI, 90.3 to 96.4) with trastuzumab 
deruxtecan and 85.9% (95% CI, 80.9 to 89.7) with trastuzumab 
emtansine (hazard ratio for death, 0.55; 95% CI, 0.36 to 0.86; 

prespecified significance boundary not reached). An overall 
response (a complete or partial response) occurred in 79.7% 
(95% CI, 74.3 to 84.4) of the patients who received trastuzumab 
deruxtecan and in 34.2% (95% CI, 28.5 to 40.3) of those who 
received trastuzumab emtansine. The incidence of 
drug-related adverse events of any grade was 98.1% with 
trastuzumab deruxtecan and 86.6% with trastuzumab 
emtansine, and the incidence of drugrelated adverse events of 
grade 3 or 4 was 45.1% and 39.8%, respectively. Adjudicated 
drug-related interstitial lung disease or pneumonitis occurred 
in 10.5% of the patients in the trastuzumab deruxtecan group 
and in 1.9% of those in the trastuzumab emtansine group; none 
of these events were of grade 4 or 5.
CONCLUSIONS: Among patients with HER2-positive 
metastatic breast cancer previously treated with trastuzumab 
and a taxane, the risk of disease progression or death was lower 
among those who received trastuzumab deruxtecan than 
among those who received trastuzumab emtansine. 
Treatment with trastuzumab deruxtecan was associated with 
interstitial lung disease and pneumonitis. (Funded by Daiichi 
Sankyo and AstraZeneca; DESTINY-Breast03 ClinicalTrials.gov 
number, NCT03529110.)
Patient-reported outcomes (PROs) from DESTINY-Breast03, a 
randomized phase 3 study of trastuzumab deruxtecan (T-DXd) 
vs trastuzumab emtansine (T-DM1) in patients (pts) with 
HER2-positive (HER2+) metastatic breast cancer (MBC)
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BACKGROUND: In DESTINY-Breast03 (NCT03529110), T-DXd 
showed superior progression-free survival by BICR vs T-DM1 
(HR, 0.28 [95% CI, 0.22-0.37]; P < 0.001) and manageable safety 
in pts with HER2+ MBC. PRO measures incorporate pts’ 
perspective in clinical trials to assess effect of treatment on 
health-related quality of life (QoL). Here, PROs and 
hospitalization rate for T-DXd vs T-DM1 (May 21, 2021, data 
cutoff) are reported.
METHODS: Pts with HER2+ (IHC 3+ or IHC 2+/ISH+) MBC whose 
disease progressed on or after trastuzumab and a taxane were 
assigned 1:1 to T-DXd or T-DM1. PRO endpoints were assessed 
before infusion on day 1 of the first 3 21-day cycles, then every 2 
cycles, at end of treatment, at 40-days’ follow-up, then every 3 
months until end of follow-up; endpoints included European 
Organization for Research and Treatment of Cancer QoL 
questionnaires (EORTC QLQ-C30; primary variable: global 
health status [GHS]/QoL scale score) and the EuroQol 
5-dimension 5-level (EQ-5D-5L) visual analog scale (VAS). 
Analyses included change from baseline (CFB) and time to 
definitive deterioration (TDD). Hospitalization-related 
endpoints were also measured.
RESULTS: Compliance for questionnaires was >97% at baseline 
and >80% for cycles 3-29. QLQ-C30 baseline GHS scores 
recorded for T-DXd (n = 253) and T-DM1 (n = 260) were similar. At 
end of treatment, mean CFB was not meaningfully different vs 
baseline (<10-point CFB) in both arms. Median TDD of QLQ-C30 
GHS was 9.7 mo for T-DXd vs 8.3 mo for T-DM1 (HR, 0.88 [95% CI, 
0.70-1.11]), and all prespecified QLQ-C30 subscales presented 
longer TDD with T-DXd, including emotional functioning (HR, 
0.69 [95% CI, 0.53-0.89]) and pain (HR, 0.75 [95% CI, 0.59-0.95]). 

Median TDD of EQ-5D-5L VAS was 13.2 mo for T-DXd vs 8.5 mo 
for T-DM1 (HR, 0.77 [95% CI, 0.61-0.98]). With T-DXd vs T-DM1, 18 
pts (6.9%) vs 19 pts (7.2%) were hospitalized; median time to first 
hospitalization was 219.5 vs 60.0 days, respectively.
CONCLUSIONS: The improved efficacy and manageable 
toxicity reported previously for T-DXd, together with this 
evidence of maintained or improved QoL supports the overall 
benefit of T-DXd for pts with HER2+ MBC.
Trastuzumab deruxtecan (T-DXd) versus trastuzumab 
emtansine (T-DM1) in patients (pts) with HER2-positive (HER2+) 
unresectable and/or metastatic breast cancer (mBC): Safety 
follow-up of the randomized, phase 3 study DESTINY-Breast03.

Citation: ASCO 2022 Abstract 1000
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BACKGROUND: In the DESTINY-Breast03 (NCT03529110) 
primary analysis (data cutoff [DCO], May 21, 2021), T-DXd 
showed superiority over T-DM1 in pts with HER2+ mBC, with a 
significant improvement of progression-free survival by 
blinded independent central review (HR, 0.284; 95% CI, 
0.217-0.373; P < 0.001), and a safety profile consistent with prior 
studies. This analysis provides updated safety data with longer 
follow-up. 
METHODS: Pts were randomized 1:1 to T-DXd or T-DM1. 
Prespecified safety analysis of treatment-emergent adverse 
events (TEAEs) was conducted; endpoints included time to 
event, duration of event, and resolution. 
RESULTS: At DCO (September 7, 2021), 116 (45.1%) pts vs 39 
(14.9%) pts remained on treatment in the T-DXd vs T-DM1 arms; 
median treatment duration was 16.1 mo (range, 0.7-33.0) for 

T-DXd vs 6.9 mo (range, 0.7-28.5) for T-DM1. Any-grade (G), G≥3, 
and serious AE (SAE) rates were similar for T-DXd vs T-DM1 
(99.6% vs 95.4%; 53.3% vs 49.8%; and 21.0% vs 19.2%), while 
exposure-adjusted incidence rates (EAIRs; per pt-year) for G≥3 
and SAEs were lower for T-DXd vs T-DM1 (0.42 vs 0.70 and 0.17 vs 
0.27). Median time to TEAE associated with drug 
discontinuation or dose reduction was longer with T-DXd vs 
T-DM1 (224.0 vs 147.0 d and 96.0 v 19.0 d, respectively). Most 
TEAEs in ≥20% of pts were hematologic or gastrointestinal. 
Median time to first onset of select any-G TEAEs was 70.0 vs 
42.0 d for anemia, 196.0 vs 168.0 d for lymphopenia, 132.0 vs 8.0 
d for thrombocytopenia, 22.0 vs 24.0 d for fatigue, 74.5 vs 92.0 d 
for leukopenia, and 64.0 vs 105.0 d for neutropenia, with T-DXd 
vs T-DM1, respectively. In both arms, most nausea and vomiting 
events were G1/2; while G≥3 events with T-DXd vs T-DM1 were 
6.6% vs 0.4% for nausea and 1.6% vs 0.8% for vomiting, 
respectively. Rates of nausea, vomiting, and alopecia were 
highest in cycle 1 and lower in subsequent cycles for T-DXd. 
Rates of hematologic events were generally lower in earlier 
cycles vs cycle ≥8 in both arms. Rates of adjudicated, 
drug-related ILD/pneumonitis were 10.9% (1 G2 event since 
previous DCO) with T-DXd vs 1.9% with T-DM1, with no G4/5 
events. Median time to first adjudicated, drug-related 
ILD/pneumonitis event was 5.9 vs 9.5 mo for T-DXd vs T-DM1, 
respectively; at DCO, most events resolved (57.1% vs 80.0%), and 
follow-up is ongoing. 
CONCLUSIONS: In this updated safety analysis, T-DXd 
demonstrated a tolerable safety profile consistent with prior 
studies. Despite longer treatment duration with T-DXd, EAIRs 
of G≥3 and SAEs were lower for T-DXd vs T-DM1. Rates of 
ILD/pneumonitis for T-DXd were similar to those in the previous 

DCO. Nausea, vomiting, and alopecia rates decreased over 
time. This longer safety update reinforces the consistent safety 
profile of T-DXd, supporting the clinical benefit of T-DXd over 
T-DM1 in patients with HER2+ mBC. Clinical trial information: 
NCT03529110.
Trastuzumab deruxtecan versus trastuzumab emtansine in 
patients with HER2-positive metastatic breast cancer: Updated 
survival results of the randomized, phase 3 study 
DESTINY-Breast03
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BACKGROUND: An improvement in progression-free survival 
was shown with trastuzumab deruxtecan versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer in the progression-free survival interim analysis of the 
DESTINY-Breast03 trial. The aim of DESTINY-Breast03 was to 
compare the efficacy and safety of trastuzumab deruxtecan 
versus trastuzumab emtansine.
METHODS: This open-label, randomised, multicentre, phase 3 
trial was done in 169 study centres in North America, Asia, 
Europe, Australia, and South America. Eligible patients were 
aged 18 or older, had HER2-positive unresectable or metastatic 
breast cancer previously treated with trastuzumab and a 
taxane, had an Eastern Cooperative Oncology Group 
performance status 0–1, and at least one measurable lesion per 
Response Evaluation Criteria in Solid Tumours version 1.1. 
Patients were randomly assigned (1:1) to receive trastuzumab 
deruxtecan 5•4 mg/kg or trastuzumab emtansine 3•6 mg/kg, 
both administered by intravenous infusion every 3 weeks. 

Randomisation was stratified by hormone receptor status, 
previous treatment with pertuzumab, and history of visceral 
disease, and was managed through an interactive web-based 
system. Within each stratum, balanced block randomisation 
was used with a block size of four. Patients and investigators 
were not masked to the treatment received. The primary 
endpoint was progression-free survival by blinded 
independent central review. The key secondary endpoint was 
overall survival and this prespecified second overall survival 
interim analysis reports updated overall survival, efficacy, and 
safety results. Efficacy analyses were performed using the full 
analysis set. Safety analyses included all randomly assigned 
patients who received at least one dose of study treatment. 
This study is registered with ClinicalTrials.gov, NCT03529110.
FINDINGS: Between July 20, 2018, and June 23, 2020, 699 
patients were screened for eligibility, 524 of whom were 
enrolled and randomly assigned to receive trastuzumab 
deruxtecan (n=261) or trastuzumab emtansine (n=263). Median 
duration of study follow-up was 28•4 months (IQR 22•1–32•9) 
with trastuzumab deruxtecan and 26•5 months (14•5–31•3) with 
trastuzumab emtansine. Median progression-free survival by 
blinded independent central review was 28•8 months (95% CI 
22•4–37•9) with trastuzumab deruxtecan and 6•8 months 
(5•6–8•2) with trastuzumab emtansine (hazard ratio [HR] 0•33 
[95% CI 0•26–0•43]; nominal p<0•0001). Median overall survival 
was not reached (95% CI 40•5 months–not estimable), with 72 
(28%) overall survival events, in the trastuzumab deruxtecan 
group and was not reached (34•0 months–not estimable), with 
97 (37%) overall survival events, in the trastuzumab emtansine 
group (HR 0•64; 95% CI 0•47–0•87]; p=0•0037). The number of 

grade 3 or worse treatment-emergent adverse events was 
similar in patients who received trastuzumab deruxtecan 
versus trastuzumab emtansine (145 [56%] patients versus 135 
[52%] patients). Adjudicated drug-related interstitial lung 
disease or pneumonitis occurred in 39 (15%) patients treated 
with trastuzumab deruxtecan and eight (3%) patients treated 
with trastuzumab emtansine, with no grade 4 or 5 events in 
either group.
INTERPRETATION: Trastuzumab deruxtecan showed a 
significant improvement in overall survival versus trastuzumab 
emtansine in patients with HER2-positive metastatic breast 
cancer, as well as the longest reported median progressionfree 
survival, reaffirming trastuzumab deruxtecan as the standard 
of care in the second-line setting. A manageable safety profile 
of trastuzumab deruxtecan was confirmed with longer 
treatment duration.
Oral Etoposide and Trastuzumab Use for HER2-Positive 
Metastatic Breast Cancer: A Retrospective Study from the 
Institut Curie Hospitals

Citation: Cancers (Basel). 2022 May; 14(9): 2114.
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BACKGROUND: The TOP2A and ERBB2 genes are co-amplified 
in about 40% of HER2 positive (HER2+) breast cancers. Oral 
etoposide (VP16), an inhibitor of topoisomerase-II (encoded by 
TOP2A), has demonstrated clinical activity in metastatic breast 
cancer (MBC). The benefit of oral VP16 combined with 
trastuzumab (VP16-T) in HER2+ MBC has not yet been 
evaluated. 

METHODS: Patients treated at the Institut Curie Hospitals with 
VP16-T for HER2+ MBC were retrieved by an in silico search. 
Progression-free survival (PFS), overall survival (OS), response 
rate, prolonged PFS (defined as at least 6 months), clinical 
benefit, and toxicity were assessed. The co-amplification of 
ERBB2 and TOP2A was assessed by shallow whole genome 
sequencing on tumor tissue whenever available. 
RESULTS: Forty-three patients received VP16-T after a median 
number of six prior treatment lines for HER2+ MBC. Median 
PFS and OS were 2.9 months (95% CI [2.4–4.7]) and 11.3 months 
(95% CI [8.3–25.0]), respectively. Three patients had a complete 
response, while 12/40 (30%) experienced clinical benefit. Only 
three patients stopped treatment for toxicity. Seven (35%) 
patients displayed a TOP2A/ERBB2 co-amplification. No 
statistically significant correlation was found between 
outcome and TOP2A/ERBB2 co-amplification. Conclusion: Our 
analysis suggests a favorable efficacy and toxicity profile for 
VP16-T in patients with heavily pretreated HER2+ MBC.
KEYWORDS: HER2 metastatic breast cancer; oral etoposide; 
trastuzumab; TOP2A/ERBB2 co-amplification
Final overall survival (OS) for abemaciclib plus trastuzumab +/- 
fulvestrant versus trastuzumab plus chemotherapy in patients 
with HR+, HER2+ advanced breast cancer (monarcHER): A 
randomized, open-label, phase II trial
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BACKGROUND: Abemaciclib, an oral, selective CDK4 & 6 
inhibitor, significantly improved PFS in HR+, HER2+ advanced 
breast cancer (ABC; locoregionally recurrent or metastatic) 

when combined with fulvestrant and trastuzumab, compared 
to trastuzumab plus chemotherapy in monarcHER (Tolaney 
2020, Lancet Oncol.) Here, we report the OS results at the 
prespecified final analysis.
METHODS: monarcHER (NCT02675231) is a randomized, 
multicenter, open-label phase 2 trial. Randomization was 1:1:1 to 
arm A (abemaciclib 150mg PO BID, trastuzumab IV, fulvestrant 
500mg IM), arm B (abemaciclib, trastuzumab), and arm C 
(trastuzumab, SOC chemotherapy). Stratification factors were 
number of prior systemic regimens for ABC and measurable 
disease. Exploratory biomarker analyses were also conducted, 
including evaluation of intrinsic subtypes by RNAseq.
RESULTS: At the time of data cutoff (31 Mar 2022), of the 237 
patients enrolled, 157 deaths had occurred across the 
treatment arms, 50 deaths (63%) arm A, 54 deaths (68%) arm B, 
and 53 deaths (67%) arm C. Median follow-up was 52.9 months. 
mOS was 30.3 months in arm A, 31.43 months in arm B and 22.7 
months in arm C (A v C: HR 0.75 [95% CI 0.47, 1.21]; nominal 
2-sided p-value 0.243; B v C: HR 0.73 [95% CI 0.46, 1.15]; nominal 
2-sided p-value 0.177). In exploratory RNAseq analyses, luminal 
subtypes were associated with longer PFS (8.6 v 5.4 months 
[HR 0.54, 95% CI 0.38, 0.79]) and OS (31.7 v. 19.7 months [HR 0.68, 
95% CI 0.46, 1]) compared to non-luminal. Updated PFS and 
safety findings were consistent with the primary analysis (data 
cutoff 8 Apr 2019).
CONCLUSIONS: Abemaciclib plus trastuzumab ± fulvestrant 
numerically improved OS in women with HR+, HER2+ ABC 
compared to chemotherapy plus trastuzumab with a 
manageable safety profile.

Trastuzumab Emtansine Plus Pertuzumab Versus Taxane Plus 
Trastuzumab Plus Pertuzumab After Anthracycline for High-Risk 
Human Epidermal Growth Factor Receptor 2-Positive Early 
Breast Cancer: The Phase III KAITLIN Study
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PURPOSE: We aimed to improve efficacy and reduce toxicity of 
high-risk human epidermal growth factor receptor 2 
(HER2)-positive early breast cancer (EBC) treatment by 
replacing taxanes and trastuzumab with trastuzumab 
emtansine (T-DM1).
METHODS: The phase III KAITLIN study (NCT01966471) included 
adults with excised HER2-positive EBC (node-positive or 
node-negative, hormone receptor-negative, and tumor> 2.0 
cm). Postsurgery, patients were randomly assigned 1:1 to 
anthracycline-based chemotherapy (three-four cycles) and 
then 18 cycles of T-DM1 plus pertuzumab (AC-KP) or taxane 
(three-four cycles) plus trastuzumab plus pertuzumab 
(AC-THP). Adjuvant radiotherapy/endocrine therapy was 
permitted. Coprimary end points were invasive disease-free 
survival (IDFS) in the intention-to-treat node-positive and 
overall populations with hierarchical testing.
RESULTS: The median follow-up was 57.1 months (interquartile 
range, 52.1-60.1 months) for AC-THP (n = 918) and 57.0 months 
(interquartile range, 52.1-59.8 months) for AC-KP (n = 928). 
There was no significant IDFS difference between arms in the 
node-positive (n = 1,658; stratified hazard ratio [HR], 0.97; 95% CI, 
0.71 to 1.32) or overall population (n = 1846; stratified HR, 0.98; 
95% CI, 0.72 to 1.32). In the overall population, the three-year 

IDFS was 94.2% (95% CI, 92.7 to 95.8) for AC-THP and 93.1% (95% 
CI, 91.4 to 94.7) for AC-KP. Treatment completion rates (ie, 18 
cycles) were 88.4% for AC-THP and 65.0% for AC-KP (difference 
driven by T-DM1 discontinuation because of laboratory 
abnormalities [12.5%]). Similar rates of grade ≥ 3 (55.4% v 51.8%) 
and serious adverse events (23.3% v 21.4%) occurred with 
AC-THP and AC-KP, respectively. KP decreased clinically 
meaningful deterioration in global health status versus THP 
(stratified HR, 0.71; 95% CI, 0.62 to 0.80).
CONCLUSION: The primary end point was not met. Both arms 
achieved favorable IDFS. Trastuzumab plus pertuzumab plus 
chemotherapy remains the standard of care for high-risk 
HER2-positive EBC.
Atezolizumab With Neoadjuvant Anti–Human Epidermal Growth 
Factor Receptor 2 Therapy and Chemotherapy in Human 
Epidermal Growth Factor Receptor 2–Positive Early Breast 
Cancer: Primary Results of the Randomized Phase III 
IMpassion050 Trial 
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PURPOSE: Combining standard of care 
(pertuzumab-trastuzumab [PH], chemotherapy) with cancer 
immunotherapy may potentiate antitumor immunity, 
cytotoxic activity, and patient outcomes in high-risk, human 
epidermal growth factor receptor 2 (HER2)-positive early breast 
cancer. We report the phase III IMpassion050 primary analysis 
of neoadjuvant atezolizumab, PH, and chemotherapy in these 
patients.

METHODS: Patients with a primary tumor of > 2 cm and 
histologically confirmed, positive lymph node status (T2-4, 
N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo 
with dose-dense doxorubicin/cyclophosphamide, followed by 
paclitaxel, and PH. After surgery, patients were to continue 
atezolizumab/placebo and PH (total: 1 year of HER2-targeted 
therapy); those with residual disease could switch to 
ado-trastuzumab emtansine with atezolizumab/placebo. 
Coprimary efficacy end points were pathologic complete 
response (pCR; ypT0/is ypN0) rates in intention-to-treat (ITT) 
and programmed cell death-ligand 1 (PD-L1)-positive 
populations.
RESULTS: At clinical cutoff (February 5, 2021), pCR rates in the 
placebo and atezolizumab groups in the ITT populations were 
62.7% (n = 143/228) and 62.4% (n = 141/226), respectively 
(difference -0.33%; 95% CI, -9.2 to 8.6; P = .9551). The pCR rates in 
the placebo and atezolizumab groups in patients with 
PD-L1-positive tumors were 72.5% (n = 79/109) and 64.2% (n = 
70/109), respectively (difference -8.26%; 95% CI, -20.6 to 4.0; P = 
.1846). Grade 3-4 and serious adverse events were more 
frequent in the atezolizumab versus placebo group. Five grade 
5 adverse events occurred (four neoadjuvant, one adjuvant; two 
assigned to study treatment), all with atezolizumab. Overall, 
the safety profile was consistent with that of atezolizumab in 
other combination studies.
CONCLUSION: Atezolizumab with neoadjuvant dose-dense 
doxorubicin/cyclophosphamide-paclitaxel and PH for 
high-risk, HER2-positive early breast cancer did not increase 
pCR rates versus placebo in the ITT or PD-L1-positive 

populations. PH and chemotherapy remains standard of care; 
longer follow-up may help to inform the long-term impact of 
atezolizumab.
Response Rate and Safety of a Neoadjuvant Pertuzumab, 
Atezolizumab, Docetaxel, and Trastuzumab Regimen for 
Patients With ERBB2-Positive Stage II/III Breast Cancer: The 
Neo-PATH Phase 2 Nonrandomized Clinical Trial
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IMPORTANCE:  Addition of immune checkpoint inhibitors to 
anti-ERBB2 treatment has shown synergistic efficacy in 
preclinical studies and is thus worth investigating as a 
neoadjuvant treatment to maximize efficacy and to minimize 
toxic effects.
OBJECTIVE:  To determine if neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab therapy for 
ERBB2-positive early breast cancer warrants continuation to 
the next phase.
DESIGN, SETTING, AND PARTICIPANTS:  This nonrandomized, 
open label, multicenter, phase 2 trial was conducted by the 
Korean Cancer Study Group and enrolled patients across 6 
institutions in Korea from May 2019 to May 2020. Eligible 
patients were diagnosed with ERBB2-positive breast cancer 
(primary tumor size >2 cm or pathologically confirmed lymph 
node–positive cancer, without distant metastases) with a 
clinical stage of II or III.
INTERVENTIONS: Patients received 6 cycles of neoadjuvant 
pertuzumab (840 mg at first cycle, 420 mg during subsequent 
cycles), atezolizumab (1200 mg), docetaxel (75 mg/m2), and 

by investigator assessment according to the Response 
Evaluation Criteria In Solid Tumours (version 1.1). Activity and 
safety were analysed in patients with at least one dose of study 
drug. The study is ongoing, but recruitment is complete. The 
study is registered with ClinicalTrials.gov, NCT03691051.
FINDINGS: Between Jan 29, 2019, and July 10, 2020, we enrolled 
78 women: 51 (86%) of 59 patients in cohort A and 18 (95%) of 19 
patients in cohort B had previous exposure to trastuzumab. 
Median follow-up duration was 15•7 months (IQR 9•7-19•0). The 
intracranial objective response rate was 74•6% (95% CI 
61•6-85•0; 44 of 59 patients) in cohort A and 42•1% (20•3-66•5; 
eight of 19 patients) in cohort B. The most common grade 3 or 
worse treatment-emergent adverse event was diarrhoea (14 
[24%] in cohort A and four [21%] in cohort B). Two (3%) patients 
in cohort A and three (16%) in cohort B had treatment-related 
serious adverse events. No treatment-related deaths occurred.
INTERPRETATION: To our knowledge, this is the first 
prospective study showing the activity and safety of pyrotinib 
plus capecitabine in patients with HER2-positive breast cancer 
and brain metastases, especially in radiotherapy-naive 
population. This combination deserves further validation in a 
randomised, controlled trial.
Cost-effectiveness Analysis of PertuzumabWith Trastuzumab in 
Patients With Metastatic Breast Cancer
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IMPORTANCE: The initial assessment of pertuzumab use for 
treatment of metastatic breast cancer by health technology 

assessment agencies suggested that pertuzumab was not 
cost-effective. In Ontario, Canada, pertuzumab became funded 
in November 2013 based on the substantial clinical benefit. To 
date, there is a paucity of analysis of pertuzumab using 
real-world data for cost-effectiveness.
OBJECTIVE: To assess the cost-effectiveness of pertuzumab, 
trastuzumab, and chemotherapy vs trastuzumab and 
chemotherapy for patients with metastatic breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A population-based 
retrospective economic evaluation was conducted in Ontario, 
Canada. Patients who received first-line treatments for 
metastatic breast cancer from January 1, 2008, to March 31, 
2018, were identified. Patients were followed up from the start 
of treatment up to 5 years, with maximum follow-up to March 
31, 2019. Patients were identified from the Ontario Cancer 
Registry and linked to the New Drug Funding Program 
database to identify receipt of first-line treatment (N = 1158).
Interventions: Treatment with pertuzumab, trastuzumab, and 
chemotherapy after public funding (November 25, 2013) 
compared with treatment with trastuzumab and 
chemotherapy before funding.
MAIN OUTCOMES AND MEASURES: Cost-effectiveness, from a 
public payer perspective, was estimated from administrative 
data with a 5-year time horizon, adjusted for censoring, and 
discounted (1.5%). Incremental cost-effectiveness ratios for 
life-years gained and quality-adjusted life year (QALY) with 
bootstrapped 95% CIs were calculated. Sensitivity analysis with 
price reduction of pertuzumab alone or in combination with 
trastuzumab was conducted.

RESULTS: A total of 579 pairs of matched patients receiving 
pertuzumab and controls were included. The mean (SD) age of 
the matched study cohort was 58 (12.97) years; 1151 were 
women (99.4%). Pertuzumab resulted in 0.61 life-years gained 
and 0.44 QALYs gained at an incremental cost of $192 139 (all 
costs measured in Canadian dollar values, CAD) with an 
incremental cost-effectiveness ratio of $316 203 per life-year 
gained and $436 679 per QALY. The main factors associated 
with cost included the cost of pertuzumab (60%), outpatient 
cancer treatment delivery (24%), and trastuzumab (15%). With 
100% price reduction of pertuzumab, the incremental 
cost-effectiveness ratio was $174 027 per QALY. When the price 
of pertuzumab and trastuzumab were both reduced by more 
than 71%, the incremental cost-effectiveness ratio decreased 
below $100 000 per QALY.
CONCLUSIONS AND RELEVANCE: The findings of this 
population-based study suggest that pertuzumab may 
increase survival for patients with metastatic breast cancer but 
would not be considered cost-effective, even after 100% price 
reduction, under conventional thresholds.
Pyrotinib or placebo in combination with trastuzumab and 
docetaxel for HER2-positive metastatic breast cancer (PHILA): A 
randomized phase III trial
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BACKGROUND: Pyrotinib (pyro, an irreversible pan-HER 
inhibitor) plus capecitabine has demonstrated antitumor 
activity as 2L treatment in HER2-positive metastatic breast 

cancer (mBC) (Lancet Oncol 2021). Pertuzumab combined with 
trastuzumab (H) and docetaxel (T) is the standard 1L dual 
anti-HER2 therapy for HER2-positive mBC. Here, we report the 
efficacy and safety of dual anti-HER2 regimen of Pyro+H+T 
(PyroHT) compared with placebo+H+T (HT) in untreated 
HER2-positive mBC.
METHODS: Eligible pts were randomized (1:1) to receive oral 
Pyro (400 mg QD) or placebo, both combined with intravenous 
H (8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles) and T 
(75 mg/m2) on day 1 of each 21-day cycle. The primary endpoint 
was PFS per investigator (INV). Data cutoff for this prespecified 
interim analysis was May 25, 2022.
RESULTS: Between May 2019 and Jan 2022, 590 eligible pts 
from 40 centers were randomized and treated (297 with 
PyroHT and 293 with HT). Median follow-up was 15.8 mo and 
14.9 mo, respectively. PFS per INV of PyroHT was significantly 
longer than HT (median, 24.3 mo [95% CI 19.1-33.0] vs 10.4 mo 
[95% CI 9.3-12.3]; HR, 0.41 [95% CI 0.32-0.53]; P < 0.0001; subgroup 
results are in Table 1), which was consistent with PFS per IRC 
(median, 33.0 vs 10.4 mo; HR, 0.35 [95% CI 0.27-0.46]). The most 
common grade ≥3 TRAEs were decreased neutrophil count 
(62.6% vs 65.2%), decreased WBC count (53.2% vs 50.9%), and 
diarrhea (46.5% vs 3.1%). Grade 3 diarrhea occurred mainly 
during cycle 1 and substantially decreased in cycle 2 and 
thereafter. No grade 4 or 5 diarrheas occurred. Serious TRAEs 
occurred in 24.9% vs 6.1% of pts and treatment-related deaths 
occurred in 0 vs 0.3% of pts, respectively. 

trastuzumab plus pertuzumab group than in the entire 
trastuzumab plus pertuzumab plus paclitaxel group. The 
primary endpoint has been reported previously. Additionally, 
the primary objective of the ADAPT umbrella trial was the 
evaluation of the effect of pathological complete response on 
invasive disease-free survival. At investigator’s discretion, 
further chemotherapy could be omitted in patients with a 
pathological complete response. Secondary survival endpoints 
were 5-year invasive disease-free survival, relapse-free survival, 
locoregional relapse-free survival, distant disease-free survival, 
and overall survival. The effect of pathological complete 
response on survival was estimated by Cox regression analysis. 
All analyses are reported in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number 
NCT01817452, and is closed to recruitment.
FINDINGS: Between March 3, 2014, and Oct 6, 2015, 134 patients 
were recruited and randomly assigned to treatment, 92 to 
trastuzumab plus pertuzumab and 42 to trastuzumab plus 
pertuzumab plus paclitaxel. Median follow-up in survivors was 
59•9 months (IQR 53•4–61•4). There were no significant 
differences between the treatment groups in invasive 
disease-free survival, relapse-free survival, locoregional 
relapse-free survival, distant disease-free survival, and overall 
survival. In the trastuzumab plus pertuzumab plus paclitaxel 
group and in the trastuzumab plus pertuzumab group, the 
proportions of patients achieving 5-year survival respectively 
were 98% (95% CI 84–100) and 87% (78–93) for invasive 
disease-free survival (hazard ratio [HR] 0•32, 95% CI 0•07–1•49; 
p=0•15); 98% (95% CI 84–100) and 89% (79–94) for relapse-free 
survival (HR 0•41, 95% CI 0•09–1•91; p=0•25); 100% (95% CI not 

trastuzumab (600 mg via subcutaneous injection) every 3 
weeks, followed by surgery. Patients with pathologic complete 
response (pCR) received 12 cycles of adjuvant atezolizumab, 
trastuzumab, and pertuzumab every 3 weeks after surgery. 
Patients without pCR were treated with 14 cycles of 
atezolizumab, 1200 mg, plus trastuzumab emtansine, 3.6 
mg/kg, every 3 weeks.
MAIN OUTCOMES AND MEASURES:  The primary end point was 
pCR rate, which was defined as the absence of invasive cancer 
cells in the primary tumor and regional lymph nodes 
(ypT0/isN0). Secondary end points included clinical objective 
response rate, 3-year event-free survival rate according to pCR 
achievement, disease-free survival, overall survival, toxic 
effects, and quality-of-life outcomes.
RESULTS:  A total of 67 women (median [range] age, 52 [33-74] 
years) were enrolled. Hormone receptor expression was 
positive in 32 (48%) patients. Curative surgery was performed in 
65 patients because 2 patients showed disease progression 
during neoadjuvant treatment and their tumors became 
unresectable. The overall pCR rate was 61% (41 of 67 patients). 
The pCR rate was higher in hormone receptor–negative 
disease vs hormone receptor–positive disease (27 of 35 [77%] 
patients vs 14 of 32 [44%] patients) and in programmed cell 
death 1–positive expression vs programmed cell death 
1–negative expression (13 of 13 [100%] patients vs 28 of 53 [53%] 
patients). Grade 3 and 4 neutropenia and febrile neutropenia 
occurred in 8 (12%) patients and 5 (8%) patients, respectively. 
Grade 3 and 4 immune-related adverse events occurred in only 
4 patients (grade 3 skin rash, encephalitis, hepatitis, and fever). 
No treatment-related death occurred during the neoadjuvant 
phase.

CONCLUSIONS AND RELEVANCE: In this nonrandomized 
clinical trial, treatment with the neoadjuvant atezolizumab, 
docetaxel, trastuzumab, and pertuzumab regimen in patients 
with stage II or III ERBB2-positive breast cancer appears to 
have had an acceptable pCR rate and modest toxic effects. 
Further investigation of this immunotherapy combination in 
ERBB2-positive early breast cancer is warranted.
Pyrotinib plus capecitabine for patients with human epidermal 
growth factor receptor 2-positive breast cancer and brain 
metastases (PERMEATE): A multicentre, single-arm, 
two-cohort, phase 2 trial

Citation: Clinical Trial Lancet Oncol. 2022 Mar;23(3):353-361. 
Author: Min Yan 
BACKGROUND: Patients with HER2-positive metastatic breast 
cancer have a high risk of developing brain metastases. 
Efficacious treatment options are scarce. We investigated the 
activity and safety of pyrotinib plus capecitabine in patients 
with HER2-positive metastatic breast cancer and brain 
metastases.
METHODS: We did a multicentre, single-arm, two-cohort, 
phase 2 trial in eight tertiary hospitals in China. Patients aged 
18 years or older who had radiotherapy-naive HER2-positive 
brain metastases (cohort A) or progressive disease after 
radiotherapy (cohort B), with an Eastern Cooperative Oncology 
Group performance status of 0-2, received pyrotinib 400 mg 
orally once daily, and capecitabine 1000 mg/m2 orally twice 
daily for 14 days, followed by 7 days off every 3 weeks until 
disease progression or unacceptable toxicity. The primary 
endpoint was confirmed intracranial objective response rate 

Pathologic complete response (pCR) to neoadjuvant treatment 
with or without atezolizumab in triple-negative, early high-risk 
and locally advanced breast cancer: NeoTRIP Michelangelo 
randomized study

Citation: Ann Oncol. 2022 May;33(5):534-543.
Author: L Gianni
BACKGROUND: High-risk triple-negative breast cancers 
(TNBCs) are characterized by poor prognosis, rapid progression 
to metastatic stage and onset of resistance to chemotherapy, 
thus representing an area in need of new therapeutic 
approaches. Programmed death-ligand 1 (PD-L1) expression is 
an adaptive mechanism of tumour resistance to 
tumour-infiltrating lymphocytes, which in turn are needed for 
response to chemotherapy. Overall, available data support the 
concept that blockade of PD-L1/programmed cell death 
protein 1 checkpoint may improve efficacy of classical 
chemotherapy.
PATIENTS AND METHODS: Two hundred and eighty patients 
with TNBC were enrolled in this multicentre study 
(NCT002620280) and randomized to neoadjuvant carboplatin 
area under the curve 2 and nab-paclitaxel 125 mg/m2 
intravenously (i.v.) on days 1 and 8, without (n ¼ 142) or with (n 
¼ 138) atezolizumab 1200 mg i.v. on day 1. Both regimens were 
given q3 weeks for eight cycles before surgery followed by four 
cycles of an adjuvant anthracycline regimen. The primary aim 
of the study was to compare event-free survival (EFS), and an 
important secondary aim was the rate of pathological 

complete response (pCR defined as the absence of invasive 
cells in breast and ymph nodes). The primary population for all 
efficacy endpoints is the intention-to-treat (ITT) population.
RESULTS: The ITT analysis revealed that pCR rate after 
treatment with atezolizumab (48.6%) did not reach statistical
significance compared to no atezolizumab [44.4%: odds ratio 
(OR) 1.18; 95% confidence interval 0.74-1.89; P ¼ 0.48]. 
Treatment-related adverse events were similar with either 
regimen except for a significantly higher overall incidence of 
serious adverse events and liver transaminase abnormalities 
with atezolizumab.
CONCLUSIONS: The addition of atezolizumab to nab-paclitaxel 
and carboplatin did not significantly increase the rate of pCR in 
women with TNBC. In multivariate analysis, the presence of 
PD-L1 expression was the most significant factorinfluencing 
the rate of pCR (OR 2.08). Continuing follow-up for the EFS is 
ongoing, and molecular studies are under way.
KEY WORDS: Neoadjuvant therapy, triple-negative breast 
cancer, atezolizumab
Neoadjuvant durvalumab improves survival in early 
triple-negative breast cancer independent of pathological 
complete response

Citation: Ann Oncol. 2022 Nov;33(11):1149-1158.
Author: S Loibl
BACKGROUND: Addition of immune checkpoint inhibitors to 
neoadjuvant chemotherapy (NACT) is a promising strategy in 
early breast cancer, but the optimal duration of therapy is 
currently unknown. In the GeparNuevo (NCT02685059) 

trial,addition of durvalumab to NACT as previously reported led 
to a moderate increase in pathological complete response 
(pCR) rate by an absolute 9% (P ¼ 0.287).
PATIENTS AND METHODS:  Patients with cT1b-cT4a-d 
triple-negative breast cancer (TNBC) received durvalumab 1.5 g 
orplacebo every 4 weeks added to nab-paclitaxel 125 mg/m2 
weekly for 12 weeks, followed by durvalumab/placebo
-every 4 weeks plus epirubicin/cyclophosphamide every 2 
weeks followed by surgery. Durvalumab was not 
continuedafter surgery. The primary objective was pCR. 
Secondary endpoints included invasive disease-free survival 
(iDFS),distant disease-free survival (DDFS) and overall survival 
(OS).
RESULTS: A total of 174 patients were randomised between 
June 2016 and October 2017. After a median follow-up of 43.7 
months, 34 events had occurred. Despite a non-significant 
increase in the pCR rate, significant differences were observed 
for 3-year iDFS, DDFS and OS: iDFS was 85.6% with durvalumab 
versus 77.2% with placebo [hazard ratio(HR) 0.48, 95% 
confidence interval (CI) 0.24-0.97, stratified log-rank P ¼ 0.036]; 
DDFS 91.7% versus 78.4% (HR 0.31,95% CI 0.13-0.74, P ¼ 0.005); 
OS 95.2% versus 83.5% (HR 0.24, 95% CI 0.08-0.72, P ¼ 0.006). 
pCR patients had 3-year iDFS of 95.5% with durvalumab and 
86.1% without (HR 0.22, 95% CI 0.05-1.06). In the non-pCR cohort 
3-yeariDFS was 76.3% versus 69.7% (HR 0.67, 95% CI 0.29-1.54). 
Multivariable analysis confirmed a durvalumab effect 
independent of the pCR effect. No new safety signals occurred.
CONCLUSIONS: Durvalumab added to NACT in TNBC 
significantly improved survival despite a modest pCR increase 

surgery. The association between RCB categories (RCB-0, -1, -2, 
-3, corresponding to increasingly larger residual cancer) and 
EFS was assessed based on a Cox regression model with 
treatment as a covariate.
RESULTS: Median follow-up was 39.1 months at data cutoff (23 
MAR 2021). Pembro shifted RCB to lower categories across the 
entire spectrum (Table). The HRs (95% CI) for EFS were 0.70 
(0.38 - 1.31) for RCB-0 (equivalent to pCR), 0.92 (0.39 - 2.20) for 
RCB-1, 0.52 (0.32 - 0.82) for RCB-2, and 1.24 (0.69 - 2.23) for RCB-3. 
The most common EFS event in both arms was distant 
recurrence, which occurred in fewer pts in the pembro arm in 
all RCB categories.
CONCLUSIONS: Increased RCB score was associated with 
worse EFS. Pts with residual disease had lower RCB values in 
the pembro arm, including fewer pts with RCB-3. Pembro + 
chemo prolonged EFS vs chemo alone in the RCB-0, -1, and -2 
categories; the small sample size limits interpretation in the 
RCB-3 category. The small subset of pts with extensive residual 
disease (RCB-3) in both arms, 5.1% and 6.7%, respectively, had a 
poor prognosis. These results highlight the importance of 
neoadjuvant treatment with pembro for improving survival in 
pts with early TNBC, and identified a subset of pts for whom 
additional therapies will be needed
HRQoL with neoadjuvant pembrolizumab + chemotherapy vs 
placebo + chemotherapy, followed by adjuvant pembrolizumab 
vs placebo for early-stage TNBC: Results from KEYNOTE-522

Citation: ESMO Congress 135MO
Author: R.A. Dent

BACKGROUND: In the phase III KEYNOTE-522 study 
(NCT03036488), neoadjuvant (neoadj) pembrolizumab 
(pembro) + chemotherapy (chemo) vs placebo (pbo) + chemo 
followed by adjuvant (adj) pembro vs pbo in patients (pts) with 
early - stage TNBC showed a statistically significant 
improvement in pCR (ypT0/Tis ypN0) and EFS (dual primary 
endpoints). We present PRO endpoint results from 
KEYNOTE-522.
METHODS: Pts with previously untreated, nonmetastatic, 
centrally confirmed TNBC (stage T1c N1-2 or T2-4 N0-2 per 
AJCC) were randomized 2:1 to neoadj pembro 200 mg Q3W or 
pbo, both given with 4 cycles of paclitaxel + carboplatin then 4 
cycles of doxorubicin or epirubicin + cyclophosphamide. After 
surgery, pts received adj pembro or pbo for up to 9 cycles. PROs 
measured with EORTC QLQ-30 and QLQ-BR23 were 
prespecified secondary objectives, and with EQ-5D VAS were 
exploratory objectives. PROs were assessed during the neoadj 
and adj treatment phases and analyzed for pts who received at 
least 1 study treatment and completed ≥1 PRO assessment 
within the neoadj and adj treatment phases. Between-group 
differences in LS mean change from baseline to the latest time 
point with ≥60%/80% completion/compliance were assessed 
using a longitudinal model (no alpha assigned). A threshold of 
10 points has been published as a meaningful change.
RESULTS: PRO analyses for QLQ-C30 included 1145 pts in the 
neoadj phase (pembro + chemo; n = 762; pbo + chemo, n = 383) 
and 847 in the adj phase (n = 539; n = 308). 
Completion/compliance rates at wk 21 in neoadj phase and wk 
24 in adj phase were ≥80% in both pembro and pbo groups. 
There were no meaningful differences between treatment 
group in PRO results.

and no adjuvant component of durvalumab. Additional studies 
are needed to clarify the optimal duration and sequence of 
checkpoint inhibitors in the treatment of early TNBC.
KEY WORDS: early triple-negative breast cancer, neoadjuvant 
chemotherapy, checkpoint inhibitor, durvalumab, survival
Event-free survival by residual cancer burden after neoadjuvant 
pembrolizumab + chemotherapy versus placebo + 
chemotherapy for early TNBC: Exploratory analysis from 
KEYNOTE-522.

Citation: ASCO 2022 Abstract 503
Author: Lajos Pusztai
BACKGROUND: KEYNOTE-522 (NCT03036488) tested the 
benefit from adding pembrolizumab (pembro) to 
chemotherapy (chemo) in patients (pts) with early TNBC. The 
primary results showed statistically significant and clinically 
meaningful improvements in pCR and EFS with pembro.Prior 
studies have shown the prognostic value of the residual cancer 
burden (RCB) method to quantify the extent of residual disease 
after neoadjuvant chemo. In this exploratory analysis, we 
assessed EFS by RCB in KEYNOTE-522. 
METHODS: 1174 pts with previously untreated, nonmetastatic, 
stage T1c/N1-2 or T2-4/N0-2 TNBC were randomized 2:1 to 
pembro 200 mg Q3W or placebo (pbo) given with 4 cycles of 
paclitaxel + carboplatin, then 4 cycles of doxorubicin or 
epirubicin + cyclophosphamide. After definitive surgery, pts 
received pembro or pbo for 9 cycles or until recurrence or 
unacceptable toxicity. Dual primary endpoints are pCR and 
EFS. RCB was assessed by the local pathologist at the time of 

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

TRIPLE NEGATIVE BREAST CANCER

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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Pathologic complete response (pCR) to neoadjuvant treatment 
with or without atezolizumab in triple-negative, early high-risk 
and locally advanced breast cancer: NeoTRIP Michelangelo 
randomized study

Citation: Ann Oncol. 2022 May;33(5):534-543.
Author: L Gianni
BACKGROUND: High-risk triple-negative breast cancers 
(TNBCs) are characterized by poor prognosis, rapid progression 
to metastatic stage and onset of resistance to chemotherapy, 
thus representing an area in need of new therapeutic 
approaches. Programmed death-ligand 1 (PD-L1) expression is 
an adaptive mechanism of tumour resistance to 
tumour-infiltrating lymphocytes, which in turn are needed for 
response to chemotherapy. Overall, available data support the 
concept that blockade of PD-L1/programmed cell death 
protein 1 checkpoint may improve efficacy of classical 
chemotherapy.
PATIENTS AND METHODS: Two hundred and eighty patients 
with TNBC were enrolled in this multicentre study 
(NCT002620280) and randomized to neoadjuvant carboplatin 
area under the curve 2 and nab-paclitaxel 125 mg/m2 
intravenously (i.v.) on days 1 and 8, without (n ¼ 142) or with (n 
¼ 138) atezolizumab 1200 mg i.v. on day 1. Both regimens were 
given q3 weeks for eight cycles before surgery followed by four 
cycles of an adjuvant anthracycline regimen. The primary aim 
of the study was to compare event-free survival (EFS), and an 
important secondary aim was the rate of pathological 

complete response (pCR defined as the absence of invasive 
cells in breast and ymph nodes). The primary population for all 
efficacy endpoints is the intention-to-treat (ITT) population.
RESULTS: The ITT analysis revealed that pCR rate after 
treatment with atezolizumab (48.6%) did not reach statistical
significance compared to no atezolizumab [44.4%: odds ratio 
(OR) 1.18; 95% confidence interval 0.74-1.89; P ¼ 0.48]. 
Treatment-related adverse events were similar with either 
regimen except for a significantly higher overall incidence of 
serious adverse events and liver transaminase abnormalities 
with atezolizumab.
CONCLUSIONS: The addition of atezolizumab to nab-paclitaxel 
and carboplatin did not significantly increase the rate of pCR in 
women with TNBC. In multivariate analysis, the presence of 
PD-L1 expression was the most significant factorinfluencing 
the rate of pCR (OR 2.08). Continuing follow-up for the EFS is 
ongoing, and molecular studies are under way.
KEY WORDS: Neoadjuvant therapy, triple-negative breast 
cancer, atezolizumab
Neoadjuvant durvalumab improves survival in early 
triple-negative breast cancer independent of pathological 
complete response

Citation: Ann Oncol. 2022 Nov;33(11):1149-1158.
Author: S Loibl
BACKGROUND: Addition of immune checkpoint inhibitors to 
neoadjuvant chemotherapy (NACT) is a promising strategy in 
early breast cancer, but the optimal duration of therapy is 
currently unknown. In the GeparNuevo (NCT02685059) 

trial,addition of durvalumab to NACT as previously reported led 
to a moderate increase in pathological complete response 
(pCR) rate by an absolute 9% (P ¼ 0.287).
PATIENTS AND METHODS:  Patients with cT1b-cT4a-d 
triple-negative breast cancer (TNBC) received durvalumab 1.5 g 
orplacebo every 4 weeks added to nab-paclitaxel 125 mg/m2 
weekly for 12 weeks, followed by durvalumab/placebo
-every 4 weeks plus epirubicin/cyclophosphamide every 2 
weeks followed by surgery. Durvalumab was not 
continuedafter surgery. The primary objective was pCR. 
Secondary endpoints included invasive disease-free survival 
(iDFS),distant disease-free survival (DDFS) and overall survival 
(OS).
RESULTS: A total of 174 patients were randomised between 
June 2016 and October 2017. After a median follow-up of 43.7 
months, 34 events had occurred. Despite a non-significant 
increase in the pCR rate, significant differences were observed 
for 3-year iDFS, DDFS and OS: iDFS was 85.6% with durvalumab 
versus 77.2% with placebo [hazard ratio(HR) 0.48, 95% 
confidence interval (CI) 0.24-0.97, stratified log-rank P ¼ 0.036]; 
DDFS 91.7% versus 78.4% (HR 0.31,95% CI 0.13-0.74, P ¼ 0.005); 
OS 95.2% versus 83.5% (HR 0.24, 95% CI 0.08-0.72, P ¼ 0.006). 
pCR patients had 3-year iDFS of 95.5% with durvalumab and 
86.1% without (HR 0.22, 95% CI 0.05-1.06). In the non-pCR cohort 
3-yeariDFS was 76.3% versus 69.7% (HR 0.67, 95% CI 0.29-1.54). 
Multivariable analysis confirmed a durvalumab effect 
independent of the pCR effect. No new safety signals occurred.
CONCLUSIONS: Durvalumab added to NACT in TNBC 
significantly improved survival despite a modest pCR increase 

surgery. The association between RCB categories (RCB-0, -1, -2, 
-3, corresponding to increasingly larger residual cancer) and 
EFS was assessed based on a Cox regression model with 
treatment as a covariate.
RESULTS: Median follow-up was 39.1 months at data cutoff (23 
MAR 2021). Pembro shifted RCB to lower categories across the 
entire spectrum (Table). The HRs (95% CI) for EFS were 0.70 
(0.38 - 1.31) for RCB-0 (equivalent to pCR), 0.92 (0.39 - 2.20) for 
RCB-1, 0.52 (0.32 - 0.82) for RCB-2, and 1.24 (0.69 - 2.23) for RCB-3. 
The most common EFS event in both arms was distant 
recurrence, which occurred in fewer pts in the pembro arm in 
all RCB categories.
CONCLUSIONS: Increased RCB score was associated with 
worse EFS. Pts with residual disease had lower RCB values in 
the pembro arm, including fewer pts with RCB-3. Pembro + 
chemo prolonged EFS vs chemo alone in the RCB-0, -1, and -2 
categories; the small sample size limits interpretation in the 
RCB-3 category. The small subset of pts with extensive residual 
disease (RCB-3) in both arms, 5.1% and 6.7%, respectively, had a 
poor prognosis. These results highlight the importance of 
neoadjuvant treatment with pembro for improving survival in 
pts with early TNBC, and identified a subset of pts for whom 
additional therapies will be needed
HRQoL with neoadjuvant pembrolizumab + chemotherapy vs 
placebo + chemotherapy, followed by adjuvant pembrolizumab 
vs placebo for early-stage TNBC: Results from KEYNOTE-522

Citation: ESMO Congress 135MO
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BACKGROUND: In the phase III KEYNOTE-522 study 
(NCT03036488), neoadjuvant (neoadj) pembrolizumab 
(pembro) + chemotherapy (chemo) vs placebo (pbo) + chemo 
followed by adjuvant (adj) pembro vs pbo in patients (pts) with 
early - stage TNBC showed a statistically significant 
improvement in pCR (ypT0/Tis ypN0) and EFS (dual primary 
endpoints). We present PRO endpoint results from 
KEYNOTE-522.
METHODS: Pts with previously untreated, nonmetastatic, 
centrally confirmed TNBC (stage T1c N1-2 or T2-4 N0-2 per 
AJCC) were randomized 2:1 to neoadj pembro 200 mg Q3W or 
pbo, both given with 4 cycles of paclitaxel + carboplatin then 4 
cycles of doxorubicin or epirubicin + cyclophosphamide. After 
surgery, pts received adj pembro or pbo for up to 9 cycles. PROs 
measured with EORTC QLQ-30 and QLQ-BR23 were 
prespecified secondary objectives, and with EQ-5D VAS were 
exploratory objectives. PROs were assessed during the neoadj 
and adj treatment phases and analyzed for pts who received at 
least 1 study treatment and completed ≥1 PRO assessment 
within the neoadj and adj treatment phases. Between-group 
differences in LS mean change from baseline to the latest time 
point with ≥60%/80% completion/compliance were assessed 
using a longitudinal model (no alpha assigned). A threshold of 
10 points has been published as a meaningful change.
RESULTS: PRO analyses for QLQ-C30 included 1145 pts in the 
neoadj phase (pembro + chemo; n = 762; pbo + chemo, n = 383) 
and 847 in the adj phase (n = 539; n = 308). 
Completion/compliance rates at wk 21 in neoadj phase and wk 
24 in adj phase were ≥80% in both pembro and pbo groups. 
There were no meaningful differences between treatment 
group in PRO results.

and no adjuvant component of durvalumab. Additional studies 
are needed to clarify the optimal duration and sequence of 
checkpoint inhibitors in the treatment of early TNBC.
KEY WORDS: early triple-negative breast cancer, neoadjuvant 
chemotherapy, checkpoint inhibitor, durvalumab, survival
Event-free survival by residual cancer burden after neoadjuvant 
pembrolizumab + chemotherapy versus placebo + 
chemotherapy for early TNBC: Exploratory analysis from 
KEYNOTE-522.

Citation: ASCO 2022 Abstract 503
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BACKGROUND: KEYNOTE-522 (NCT03036488) tested the 
benefit from adding pembrolizumab (pembro) to 
chemotherapy (chemo) in patients (pts) with early TNBC. The 
primary results showed statistically significant and clinically 
meaningful improvements in pCR and EFS with pembro.Prior 
studies have shown the prognostic value of the residual cancer 
burden (RCB) method to quantify the extent of residual disease 
after neoadjuvant chemo. In this exploratory analysis, we 
assessed EFS by RCB in KEYNOTE-522. 
METHODS: 1174 pts with previously untreated, nonmetastatic, 
stage T1c/N1-2 or T2-4/N0-2 TNBC were randomized 2:1 to 
pembro 200 mg Q3W or placebo (pbo) given with 4 cycles of 
paclitaxel + carboplatin, then 4 cycles of doxorubicin or 
epirubicin + cyclophosphamide. After definitive surgery, pts 
received pembro or pbo for 9 cycles or until recurrence or 
unacceptable toxicity. Dual primary endpoints are pCR and 
EFS. RCB was assessed by the local pathologist at the time of 

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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Pathologic complete response (pCR) to neoadjuvant treatment 
with or without atezolizumab in triple-negative, early high-risk 
and locally advanced breast cancer: NeoTRIP Michelangelo 
randomized study

Citation: Ann Oncol. 2022 May;33(5):534-543.
Author: L Gianni
BACKGROUND: High-risk triple-negative breast cancers 
(TNBCs) are characterized by poor prognosis, rapid progression 
to metastatic stage and onset of resistance to chemotherapy, 
thus representing an area in need of new therapeutic 
approaches. Programmed death-ligand 1 (PD-L1) expression is 
an adaptive mechanism of tumour resistance to 
tumour-infiltrating lymphocytes, which in turn are needed for 
response to chemotherapy. Overall, available data support the 
concept that blockade of PD-L1/programmed cell death 
protein 1 checkpoint may improve efficacy of classical 
chemotherapy.
PATIENTS AND METHODS: Two hundred and eighty patients 
with TNBC were enrolled in this multicentre study 
(NCT002620280) and randomized to neoadjuvant carboplatin 
area under the curve 2 and nab-paclitaxel 125 mg/m2 
intravenously (i.v.) on days 1 and 8, without (n ¼ 142) or with (n 
¼ 138) atezolizumab 1200 mg i.v. on day 1. Both regimens were 
given q3 weeks for eight cycles before surgery followed by four 
cycles of an adjuvant anthracycline regimen. The primary aim 
of the study was to compare event-free survival (EFS), and an 
important secondary aim was the rate of pathological 

complete response (pCR defined as the absence of invasive 
cells in breast and ymph nodes). The primary population for all 
efficacy endpoints is the intention-to-treat (ITT) population.
RESULTS: The ITT analysis revealed that pCR rate after 
treatment with atezolizumab (48.6%) did not reach statistical
significance compared to no atezolizumab [44.4%: odds ratio 
(OR) 1.18; 95% confidence interval 0.74-1.89; P ¼ 0.48]. 
Treatment-related adverse events were similar with either 
regimen except for a significantly higher overall incidence of 
serious adverse events and liver transaminase abnormalities 
with atezolizumab.
CONCLUSIONS: The addition of atezolizumab to nab-paclitaxel 
and carboplatin did not significantly increase the rate of pCR in 
women with TNBC. In multivariate analysis, the presence of 
PD-L1 expression was the most significant factorinfluencing 
the rate of pCR (OR 2.08). Continuing follow-up for the EFS is 
ongoing, and molecular studies are under way.
KEY WORDS: Neoadjuvant therapy, triple-negative breast 
cancer, atezolizumab
Neoadjuvant durvalumab improves survival in early 
triple-negative breast cancer independent of pathological 
complete response

Citation: Ann Oncol. 2022 Nov;33(11):1149-1158.
Author: S Loibl
BACKGROUND: Addition of immune checkpoint inhibitors to 
neoadjuvant chemotherapy (NACT) is a promising strategy in 
early breast cancer, but the optimal duration of therapy is 
currently unknown. In the GeparNuevo (NCT02685059) 

trial,addition of durvalumab to NACT as previously reported led 
to a moderate increase in pathological complete response 
(pCR) rate by an absolute 9% (P ¼ 0.287).
PATIENTS AND METHODS:  Patients with cT1b-cT4a-d 
triple-negative breast cancer (TNBC) received durvalumab 1.5 g 
orplacebo every 4 weeks added to nab-paclitaxel 125 mg/m2 
weekly for 12 weeks, followed by durvalumab/placebo
-every 4 weeks plus epirubicin/cyclophosphamide every 2 
weeks followed by surgery. Durvalumab was not 
continuedafter surgery. The primary objective was pCR. 
Secondary endpoints included invasive disease-free survival 
(iDFS),distant disease-free survival (DDFS) and overall survival 
(OS).
RESULTS: A total of 174 patients were randomised between 
June 2016 and October 2017. After a median follow-up of 43.7 
months, 34 events had occurred. Despite a non-significant 
increase in the pCR rate, significant differences were observed 
for 3-year iDFS, DDFS and OS: iDFS was 85.6% with durvalumab 
versus 77.2% with placebo [hazard ratio(HR) 0.48, 95% 
confidence interval (CI) 0.24-0.97, stratified log-rank P ¼ 0.036]; 
DDFS 91.7% versus 78.4% (HR 0.31,95% CI 0.13-0.74, P ¼ 0.005); 
OS 95.2% versus 83.5% (HR 0.24, 95% CI 0.08-0.72, P ¼ 0.006). 
pCR patients had 3-year iDFS of 95.5% with durvalumab and 
86.1% without (HR 0.22, 95% CI 0.05-1.06). In the non-pCR cohort 
3-yeariDFS was 76.3% versus 69.7% (HR 0.67, 95% CI 0.29-1.54). 
Multivariable analysis confirmed a durvalumab effect 
independent of the pCR effect. No new safety signals occurred.
CONCLUSIONS: Durvalumab added to NACT in TNBC 
significantly improved survival despite a modest pCR increase 

surgery. The association between RCB categories (RCB-0, -1, -2, 
-3, corresponding to increasingly larger residual cancer) and 
EFS was assessed based on a Cox regression model with 
treatment as a covariate.
RESULTS: Median follow-up was 39.1 months at data cutoff (23 
MAR 2021). Pembro shifted RCB to lower categories across the 
entire spectrum (Table). The HRs (95% CI) for EFS were 0.70 
(0.38 - 1.31) for RCB-0 (equivalent to pCR), 0.92 (0.39 - 2.20) for 
RCB-1, 0.52 (0.32 - 0.82) for RCB-2, and 1.24 (0.69 - 2.23) for RCB-3. 
The most common EFS event in both arms was distant 
recurrence, which occurred in fewer pts in the pembro arm in 
all RCB categories.
CONCLUSIONS: Increased RCB score was associated with 
worse EFS. Pts with residual disease had lower RCB values in 
the pembro arm, including fewer pts with RCB-3. Pembro + 
chemo prolonged EFS vs chemo alone in the RCB-0, -1, and -2 
categories; the small sample size limits interpretation in the 
RCB-3 category. The small subset of pts with extensive residual 
disease (RCB-3) in both arms, 5.1% and 6.7%, respectively, had a 
poor prognosis. These results highlight the importance of 
neoadjuvant treatment with pembro for improving survival in 
pts with early TNBC, and identified a subset of pts for whom 
additional therapies will be needed
HRQoL with neoadjuvant pembrolizumab + chemotherapy vs 
placebo + chemotherapy, followed by adjuvant pembrolizumab 
vs placebo for early-stage TNBC: Results from KEYNOTE-522

Citation: ESMO Congress 135MO
Author: R.A. Dent

BACKGROUND: In the phase III KEYNOTE-522 study 
(NCT03036488), neoadjuvant (neoadj) pembrolizumab 
(pembro) + chemotherapy (chemo) vs placebo (pbo) + chemo 
followed by adjuvant (adj) pembro vs pbo in patients (pts) with 
early - stage TNBC showed a statistically significant 
improvement in pCR (ypT0/Tis ypN0) and EFS (dual primary 
endpoints). We present PRO endpoint results from 
KEYNOTE-522.
METHODS: Pts with previously untreated, nonmetastatic, 
centrally confirmed TNBC (stage T1c N1-2 or T2-4 N0-2 per 
AJCC) were randomized 2:1 to neoadj pembro 200 mg Q3W or 
pbo, both given with 4 cycles of paclitaxel + carboplatin then 4 
cycles of doxorubicin or epirubicin + cyclophosphamide. After 
surgery, pts received adj pembro or pbo for up to 9 cycles. PROs 
measured with EORTC QLQ-30 and QLQ-BR23 were 
prespecified secondary objectives, and with EQ-5D VAS were 
exploratory objectives. PROs were assessed during the neoadj 
and adj treatment phases and analyzed for pts who received at 
least 1 study treatment and completed ≥1 PRO assessment 
within the neoadj and adj treatment phases. Between-group 
differences in LS mean change from baseline to the latest time 
point with ≥60%/80% completion/compliance were assessed 
using a longitudinal model (no alpha assigned). A threshold of 
10 points has been published as a meaningful change.
RESULTS: PRO analyses for QLQ-C30 included 1145 pts in the 
neoadj phase (pembro + chemo; n = 762; pbo + chemo, n = 383) 
and 847 in the adj phase (n = 539; n = 308). 
Completion/compliance rates at wk 21 in neoadj phase and wk 
24 in adj phase were ≥80% in both pembro and pbo groups. 
There were no meaningful differences between treatment 
group in PRO results.

and no adjuvant component of durvalumab. Additional studies 
are needed to clarify the optimal duration and sequence of 
checkpoint inhibitors in the treatment of early TNBC.
KEY WORDS: early triple-negative breast cancer, neoadjuvant 
chemotherapy, checkpoint inhibitor, durvalumab, survival
Event-free survival by residual cancer burden after neoadjuvant 
pembrolizumab + chemotherapy versus placebo + 
chemotherapy for early TNBC: Exploratory analysis from 
KEYNOTE-522.

Citation: ASCO 2022 Abstract 503
Author: Lajos Pusztai
BACKGROUND: KEYNOTE-522 (NCT03036488) tested the 
benefit from adding pembrolizumab (pembro) to 
chemotherapy (chemo) in patients (pts) with early TNBC. The 
primary results showed statistically significant and clinically 
meaningful improvements in pCR and EFS with pembro.Prior 
studies have shown the prognostic value of the residual cancer 
burden (RCB) method to quantify the extent of residual disease 
after neoadjuvant chemo. In this exploratory analysis, we 
assessed EFS by RCB in KEYNOTE-522. 
METHODS: 1174 pts with previously untreated, nonmetastatic, 
stage T1c/N1-2 or T2-4/N0-2 TNBC were randomized 2:1 to 
pembro 200 mg Q3W or placebo (pbo) given with 4 cycles of 
paclitaxel + carboplatin, then 4 cycles of doxorubicin or 
epirubicin + cyclophosphamide. After definitive surgery, pts 
received pembro or pbo for 9 cycles or until recurrence or 
unacceptable toxicity. Dual primary endpoints are pCR and 
EFS. RCB was assessed by the local pathologist at the time of 

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

Pathologic complete response (pCR) to neoadjuvant treatment 
with or without atezolizumab in triple-negative, early high-risk 
and locally advanced breast cancer: NeoTRIP Michelangelo 
randomized study

Citation: Ann Oncol. 2022 May;33(5):534-543.
Author: L Gianni
BACKGROUND: High-risk triple-negative breast cancers 
(TNBCs) are characterized by poor prognosis, rapid progression 
to metastatic stage and onset of resistance to chemotherapy, 
thus representing an area in need of new therapeutic 
approaches. Programmed death-ligand 1 (PD-L1) expression is 
an adaptive mechanism of tumour resistance to 
tumour-infiltrating lymphocytes, which in turn are needed for 
response to chemotherapy. Overall, available data support the 
concept that blockade of PD-L1/programmed cell death 
protein 1 checkpoint may improve efficacy of classical 
chemotherapy.
PATIENTS AND METHODS: Two hundred and eighty patients 
with TNBC were enrolled in this multicentre study 
(NCT002620280) and randomized to neoadjuvant carboplatin 
area under the curve 2 and nab-paclitaxel 125 mg/m2 
intravenously (i.v.) on days 1 and 8, without (n ¼ 142) or with (n 
¼ 138) atezolizumab 1200 mg i.v. on day 1. Both regimens were 
given q3 weeks for eight cycles before surgery followed by four 
cycles of an adjuvant anthracycline regimen. The primary aim 
of the study was to compare event-free survival (EFS), and an 
important secondary aim was the rate of pathological 

complete response (pCR defined as the absence of invasive 
cells in breast and ymph nodes). The primary population for all 
efficacy endpoints is the intention-to-treat (ITT) population.
RESULTS: The ITT analysis revealed that pCR rate after 
treatment with atezolizumab (48.6%) did not reach statistical
significance compared to no atezolizumab [44.4%: odds ratio 
(OR) 1.18; 95% confidence interval 0.74-1.89; P ¼ 0.48]. 
Treatment-related adverse events were similar with either 
regimen except for a significantly higher overall incidence of 
serious adverse events and liver transaminase abnormalities 
with atezolizumab.
CONCLUSIONS: The addition of atezolizumab to nab-paclitaxel 
and carboplatin did not significantly increase the rate of pCR in 
women with TNBC. In multivariate analysis, the presence of 
PD-L1 expression was the most significant factorinfluencing 
the rate of pCR (OR 2.08). Continuing follow-up for the EFS is 
ongoing, and molecular studies are under way.
KEY WORDS: Neoadjuvant therapy, triple-negative breast 
cancer, atezolizumab
Neoadjuvant durvalumab improves survival in early 
triple-negative breast cancer independent of pathological 
complete response

Citation: Ann Oncol. 2022 Nov;33(11):1149-1158.
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BACKGROUND: Addition of immune checkpoint inhibitors to 
neoadjuvant chemotherapy (NACT) is a promising strategy in 
early breast cancer, but the optimal duration of therapy is 
currently unknown. In the GeparNuevo (NCT02685059) 

trial,addition of durvalumab to NACT as previously reported led 
to a moderate increase in pathological complete response 
(pCR) rate by an absolute 9% (P ¼ 0.287).
PATIENTS AND METHODS:  Patients with cT1b-cT4a-d 
triple-negative breast cancer (TNBC) received durvalumab 1.5 g 
orplacebo every 4 weeks added to nab-paclitaxel 125 mg/m2 
weekly for 12 weeks, followed by durvalumab/placebo
-every 4 weeks plus epirubicin/cyclophosphamide every 2 
weeks followed by surgery. Durvalumab was not 
continuedafter surgery. The primary objective was pCR. 
Secondary endpoints included invasive disease-free survival 
(iDFS),distant disease-free survival (DDFS) and overall survival 
(OS).
RESULTS: A total of 174 patients were randomised between 
June 2016 and October 2017. After a median follow-up of 43.7 
months, 34 events had occurred. Despite a non-significant 
increase in the pCR rate, significant differences were observed 
for 3-year iDFS, DDFS and OS: iDFS was 85.6% with durvalumab 
versus 77.2% with placebo [hazard ratio(HR) 0.48, 95% 
confidence interval (CI) 0.24-0.97, stratified log-rank P ¼ 0.036]; 
DDFS 91.7% versus 78.4% (HR 0.31,95% CI 0.13-0.74, P ¼ 0.005); 
OS 95.2% versus 83.5% (HR 0.24, 95% CI 0.08-0.72, P ¼ 0.006). 
pCR patients had 3-year iDFS of 95.5% with durvalumab and 
86.1% without (HR 0.22, 95% CI 0.05-1.06). In the non-pCR cohort 
3-yeariDFS was 76.3% versus 69.7% (HR 0.67, 95% CI 0.29-1.54). 
Multivariable analysis confirmed a durvalumab effect 
independent of the pCR effect. No new safety signals occurred.
CONCLUSIONS: Durvalumab added to NACT in TNBC 
significantly improved survival despite a modest pCR increase 

surgery. The association between RCB categories (RCB-0, -1, -2, 
-3, corresponding to increasingly larger residual cancer) and 
EFS was assessed based on a Cox regression model with 
treatment as a covariate.
RESULTS: Median follow-up was 39.1 months at data cutoff (23 
MAR 2021). Pembro shifted RCB to lower categories across the 
entire spectrum (Table). The HRs (95% CI) for EFS were 0.70 
(0.38 - 1.31) for RCB-0 (equivalent to pCR), 0.92 (0.39 - 2.20) for 
RCB-1, 0.52 (0.32 - 0.82) for RCB-2, and 1.24 (0.69 - 2.23) for RCB-3. 
The most common EFS event in both arms was distant 
recurrence, which occurred in fewer pts in the pembro arm in 
all RCB categories.
CONCLUSIONS: Increased RCB score was associated with 
worse EFS. Pts with residual disease had lower RCB values in 
the pembro arm, including fewer pts with RCB-3. Pembro + 
chemo prolonged EFS vs chemo alone in the RCB-0, -1, and -2 
categories; the small sample size limits interpretation in the 
RCB-3 category. The small subset of pts with extensive residual 
disease (RCB-3) in both arms, 5.1% and 6.7%, respectively, had a 
poor prognosis. These results highlight the importance of 
neoadjuvant treatment with pembro for improving survival in 
pts with early TNBC, and identified a subset of pts for whom 
additional therapies will be needed
HRQoL with neoadjuvant pembrolizumab + chemotherapy vs 
placebo + chemotherapy, followed by adjuvant pembrolizumab 
vs placebo for early-stage TNBC: Results from KEYNOTE-522
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BACKGROUND: In the phase III KEYNOTE-522 study 
(NCT03036488), neoadjuvant (neoadj) pembrolizumab 
(pembro) + chemotherapy (chemo) vs placebo (pbo) + chemo 
followed by adjuvant (adj) pembro vs pbo in patients (pts) with 
early - stage TNBC showed a statistically significant 
improvement in pCR (ypT0/Tis ypN0) and EFS (dual primary 
endpoints). We present PRO endpoint results from 
KEYNOTE-522.
METHODS: Pts with previously untreated, nonmetastatic, 
centrally confirmed TNBC (stage T1c N1-2 or T2-4 N0-2 per 
AJCC) were randomized 2:1 to neoadj pembro 200 mg Q3W or 
pbo, both given with 4 cycles of paclitaxel + carboplatin then 4 
cycles of doxorubicin or epirubicin + cyclophosphamide. After 
surgery, pts received adj pembro or pbo for up to 9 cycles. PROs 
measured with EORTC QLQ-30 and QLQ-BR23 were 
prespecified secondary objectives, and with EQ-5D VAS were 
exploratory objectives. PROs were assessed during the neoadj 
and adj treatment phases and analyzed for pts who received at 
least 1 study treatment and completed ≥1 PRO assessment 
within the neoadj and adj treatment phases. Between-group 
differences in LS mean change from baseline to the latest time 
point with ≥60%/80% completion/compliance were assessed 
using a longitudinal model (no alpha assigned). A threshold of 
10 points has been published as a meaningful change.
RESULTS: PRO analyses for QLQ-C30 included 1145 pts in the 
neoadj phase (pembro + chemo; n = 762; pbo + chemo, n = 383) 
and 847 in the adj phase (n = 539; n = 308). 
Completion/compliance rates at wk 21 in neoadj phase and wk 
24 in adj phase were ≥80% in both pembro and pbo groups. 
There were no meaningful differences between treatment 
group in PRO results.

and no adjuvant component of durvalumab. Additional studies 
are needed to clarify the optimal duration and sequence of 
checkpoint inhibitors in the treatment of early TNBC.
KEY WORDS: early triple-negative breast cancer, neoadjuvant 
chemotherapy, checkpoint inhibitor, durvalumab, survival
Event-free survival by residual cancer burden after neoadjuvant 
pembrolizumab + chemotherapy versus placebo + 
chemotherapy for early TNBC: Exploratory analysis from 
KEYNOTE-522.

Citation: ASCO 2022 Abstract 503
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BACKGROUND: KEYNOTE-522 (NCT03036488) tested the 
benefit from adding pembrolizumab (pembro) to 
chemotherapy (chemo) in patients (pts) with early TNBC. The 
primary results showed statistically significant and clinically 
meaningful improvements in pCR and EFS with pembro.Prior 
studies have shown the prognostic value of the residual cancer 
burden (RCB) method to quantify the extent of residual disease 
after neoadjuvant chemo. In this exploratory analysis, we 
assessed EFS by RCB in KEYNOTE-522. 
METHODS: 1174 pts with previously untreated, nonmetastatic, 
stage T1c/N1-2 or T2-4/N0-2 TNBC were randomized 2:1 to 
pembro 200 mg Q3W or placebo (pbo) given with 4 cycles of 
paclitaxel + carboplatin, then 4 cycles of doxorubicin or 
epirubicin + cyclophosphamide. After definitive surgery, pts 
received pembro or pbo for 9 cycles or until recurrence or 
unacceptable toxicity. Dual primary endpoints are pCR and 
EFS. RCB was assessed by the local pathologist at the time of 

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
Author: Lucia Del Mastro
BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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Pathologic complete response (pCR) to neoadjuvant treatment 
with or without atezolizumab in triple-negative, early high-risk 
and locally advanced breast cancer: NeoTRIP Michelangelo 
randomized study

Citation: Ann Oncol. 2022 May;33(5):534-543.
Author: L Gianni
BACKGROUND: High-risk triple-negative breast cancers 
(TNBCs) are characterized by poor prognosis, rapid progression 
to metastatic stage and onset of resistance to chemotherapy, 
thus representing an area in need of new therapeutic 
approaches. Programmed death-ligand 1 (PD-L1) expression is 
an adaptive mechanism of tumour resistance to 
tumour-infiltrating lymphocytes, which in turn are needed for 
response to chemotherapy. Overall, available data support the 
concept that blockade of PD-L1/programmed cell death 
protein 1 checkpoint may improve efficacy of classical 
chemotherapy.
PATIENTS AND METHODS: Two hundred and eighty patients 
with TNBC were enrolled in this multicentre study 
(NCT002620280) and randomized to neoadjuvant carboplatin 
area under the curve 2 and nab-paclitaxel 125 mg/m2 
intravenously (i.v.) on days 1 and 8, without (n ¼ 142) or with (n 
¼ 138) atezolizumab 1200 mg i.v. on day 1. Both regimens were 
given q3 weeks for eight cycles before surgery followed by four 
cycles of an adjuvant anthracycline regimen. The primary aim 
of the study was to compare event-free survival (EFS), and an 
important secondary aim was the rate of pathological 

complete response (pCR defined as the absence of invasive 
cells in breast and ymph nodes). The primary population for all 
efficacy endpoints is the intention-to-treat (ITT) population.
RESULTS: The ITT analysis revealed that pCR rate after 
treatment with atezolizumab (48.6%) did not reach statistical
significance compared to no atezolizumab [44.4%: odds ratio 
(OR) 1.18; 95% confidence interval 0.74-1.89; P ¼ 0.48]. 
Treatment-related adverse events were similar with either 
regimen except for a significantly higher overall incidence of 
serious adverse events and liver transaminase abnormalities 
with atezolizumab.
CONCLUSIONS: The addition of atezolizumab to nab-paclitaxel 
and carboplatin did not significantly increase the rate of pCR in 
women with TNBC. In multivariate analysis, the presence of 
PD-L1 expression was the most significant factorinfluencing 
the rate of pCR (OR 2.08). Continuing follow-up for the EFS is 
ongoing, and molecular studies are under way.
KEY WORDS: Neoadjuvant therapy, triple-negative breast 
cancer, atezolizumab
Neoadjuvant durvalumab improves survival in early 
triple-negative breast cancer independent of pathological 
complete response

Citation: Ann Oncol. 2022 Nov;33(11):1149-1158.
Author: S Loibl
BACKGROUND: Addition of immune checkpoint inhibitors to 
neoadjuvant chemotherapy (NACT) is a promising strategy in 
early breast cancer, but the optimal duration of therapy is 
currently unknown. In the GeparNuevo (NCT02685059) 

trial,addition of durvalumab to NACT as previously reported led 
to a moderate increase in pathological complete response 
(pCR) rate by an absolute 9% (P ¼ 0.287).
PATIENTS AND METHODS:  Patients with cT1b-cT4a-d 
triple-negative breast cancer (TNBC) received durvalumab 1.5 g 
orplacebo every 4 weeks added to nab-paclitaxel 125 mg/m2 
weekly for 12 weeks, followed by durvalumab/placebo
-every 4 weeks plus epirubicin/cyclophosphamide every 2 
weeks followed by surgery. Durvalumab was not 
continuedafter surgery. The primary objective was pCR. 
Secondary endpoints included invasive disease-free survival 
(iDFS),distant disease-free survival (DDFS) and overall survival 
(OS).
RESULTS: A total of 174 patients were randomised between 
June 2016 and October 2017. After a median follow-up of 43.7 
months, 34 events had occurred. Despite a non-significant 
increase in the pCR rate, significant differences were observed 
for 3-year iDFS, DDFS and OS: iDFS was 85.6% with durvalumab 
versus 77.2% with placebo [hazard ratio(HR) 0.48, 95% 
confidence interval (CI) 0.24-0.97, stratified log-rank P ¼ 0.036]; 
DDFS 91.7% versus 78.4% (HR 0.31,95% CI 0.13-0.74, P ¼ 0.005); 
OS 95.2% versus 83.5% (HR 0.24, 95% CI 0.08-0.72, P ¼ 0.006). 
pCR patients had 3-year iDFS of 95.5% with durvalumab and 
86.1% without (HR 0.22, 95% CI 0.05-1.06). In the non-pCR cohort 
3-yeariDFS was 76.3% versus 69.7% (HR 0.67, 95% CI 0.29-1.54). 
Multivariable analysis confirmed a durvalumab effect 
independent of the pCR effect. No new safety signals occurred.
CONCLUSIONS: Durvalumab added to NACT in TNBC 
significantly improved survival despite a modest pCR increase 

surgery. The association between RCB categories (RCB-0, -1, -2, 
-3, corresponding to increasingly larger residual cancer) and 
EFS was assessed based on a Cox regression model with 
treatment as a covariate.
RESULTS: Median follow-up was 39.1 months at data cutoff (23 
MAR 2021). Pembro shifted RCB to lower categories across the 
entire spectrum (Table). The HRs (95% CI) for EFS were 0.70 
(0.38 - 1.31) for RCB-0 (equivalent to pCR), 0.92 (0.39 - 2.20) for 
RCB-1, 0.52 (0.32 - 0.82) for RCB-2, and 1.24 (0.69 - 2.23) for RCB-3. 
The most common EFS event in both arms was distant 
recurrence, which occurred in fewer pts in the pembro arm in 
all RCB categories.
CONCLUSIONS: Increased RCB score was associated with 
worse EFS. Pts with residual disease had lower RCB values in 
the pembro arm, including fewer pts with RCB-3. Pembro + 
chemo prolonged EFS vs chemo alone in the RCB-0, -1, and -2 
categories; the small sample size limits interpretation in the 
RCB-3 category. The small subset of pts with extensive residual 
disease (RCB-3) in both arms, 5.1% and 6.7%, respectively, had a 
poor prognosis. These results highlight the importance of 
neoadjuvant treatment with pembro for improving survival in 
pts with early TNBC, and identified a subset of pts for whom 
additional therapies will be needed
HRQoL with neoadjuvant pembrolizumab + chemotherapy vs 
placebo + chemotherapy, followed by adjuvant pembrolizumab 
vs placebo for early-stage TNBC: Results from KEYNOTE-522

Citation: ESMO Congress 135MO
Author: R.A. Dent

BACKGROUND: In the phase III KEYNOTE-522 study 
(NCT03036488), neoadjuvant (neoadj) pembrolizumab 
(pembro) + chemotherapy (chemo) vs placebo (pbo) + chemo 
followed by adjuvant (adj) pembro vs pbo in patients (pts) with 
early - stage TNBC showed a statistically significant 
improvement in pCR (ypT0/Tis ypN0) and EFS (dual primary 
endpoints). We present PRO endpoint results from 
KEYNOTE-522.
METHODS: Pts with previously untreated, nonmetastatic, 
centrally confirmed TNBC (stage T1c N1-2 or T2-4 N0-2 per 
AJCC) were randomized 2:1 to neoadj pembro 200 mg Q3W or 
pbo, both given with 4 cycles of paclitaxel + carboplatin then 4 
cycles of doxorubicin or epirubicin + cyclophosphamide. After 
surgery, pts received adj pembro or pbo for up to 9 cycles. PROs 
measured with EORTC QLQ-30 and QLQ-BR23 were 
prespecified secondary objectives, and with EQ-5D VAS were 
exploratory objectives. PROs were assessed during the neoadj 
and adj treatment phases and analyzed for pts who received at 
least 1 study treatment and completed ≥1 PRO assessment 
within the neoadj and adj treatment phases. Between-group 
differences in LS mean change from baseline to the latest time 
point with ≥60%/80% completion/compliance were assessed 
using a longitudinal model (no alpha assigned). A threshold of 
10 points has been published as a meaningful change.
RESULTS: PRO analyses for QLQ-C30 included 1145 pts in the 
neoadj phase (pembro + chemo; n = 762; pbo + chemo, n = 383) 
and 847 in the adj phase (n = 539; n = 308). 
Completion/compliance rates at wk 21 in neoadj phase and wk 
24 in adj phase were ≥80% in both pembro and pbo groups. 
There were no meaningful differences between treatment 
group in PRO results.

and no adjuvant component of durvalumab. Additional studies 
are needed to clarify the optimal duration and sequence of 
checkpoint inhibitors in the treatment of early TNBC.
KEY WORDS: early triple-negative breast cancer, neoadjuvant 
chemotherapy, checkpoint inhibitor, durvalumab, survival
Event-free survival by residual cancer burden after neoadjuvant 
pembrolizumab + chemotherapy versus placebo + 
chemotherapy for early TNBC: Exploratory analysis from 
KEYNOTE-522.
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BACKGROUND: KEYNOTE-522 (NCT03036488) tested the 
benefit from adding pembrolizumab (pembro) to 
chemotherapy (chemo) in patients (pts) with early TNBC. The 
primary results showed statistically significant and clinically 
meaningful improvements in pCR and EFS with pembro.Prior 
studies have shown the prognostic value of the residual cancer 
burden (RCB) method to quantify the extent of residual disease 
after neoadjuvant chemo. In this exploratory analysis, we 
assessed EFS by RCB in KEYNOTE-522. 
METHODS: 1174 pts with previously untreated, nonmetastatic, 
stage T1c/N1-2 or T2-4/N0-2 TNBC were randomized 2:1 to 
pembro 200 mg Q3W or placebo (pbo) given with 4 cycles of 
paclitaxel + carboplatin, then 4 cycles of doxorubicin or 
epirubicin + cyclophosphamide. After definitive surgery, pts 
received pembro or pbo for 9 cycles or until recurrence or 
unacceptable toxicity. Dual primary endpoints are pCR and 
EFS. RCB was assessed by the local pathologist at the time of 

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)
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BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
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IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial
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BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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Pathologic complete response (pCR) to neoadjuvant treatment 
with or without atezolizumab in triple-negative, early high-risk 
and locally advanced breast cancer: NeoTRIP Michelangelo 
randomized study

Citation: Ann Oncol. 2022 May;33(5):534-543.
Author: L Gianni
BACKGROUND: High-risk triple-negative breast cancers 
(TNBCs) are characterized by poor prognosis, rapid progression 
to metastatic stage and onset of resistance to chemotherapy, 
thus representing an area in need of new therapeutic 
approaches. Programmed death-ligand 1 (PD-L1) expression is 
an adaptive mechanism of tumour resistance to 
tumour-infiltrating lymphocytes, which in turn are needed for 
response to chemotherapy. Overall, available data support the 
concept that blockade of PD-L1/programmed cell death 
protein 1 checkpoint may improve efficacy of classical 
chemotherapy.
PATIENTS AND METHODS: Two hundred and eighty patients 
with TNBC were enrolled in this multicentre study 
(NCT002620280) and randomized to neoadjuvant carboplatin 
area under the curve 2 and nab-paclitaxel 125 mg/m2 
intravenously (i.v.) on days 1 and 8, without (n ¼ 142) or with (n 
¼ 138) atezolizumab 1200 mg i.v. on day 1. Both regimens were 
given q3 weeks for eight cycles before surgery followed by four 
cycles of an adjuvant anthracycline regimen. The primary aim 
of the study was to compare event-free survival (EFS), and an 
important secondary aim was the rate of pathological 

complete response (pCR defined as the absence of invasive 
cells in breast and ymph nodes). The primary population for all 
efficacy endpoints is the intention-to-treat (ITT) population.
RESULTS: The ITT analysis revealed that pCR rate after 
treatment with atezolizumab (48.6%) did not reach statistical
significance compared to no atezolizumab [44.4%: odds ratio 
(OR) 1.18; 95% confidence interval 0.74-1.89; P ¼ 0.48]. 
Treatment-related adverse events were similar with either 
regimen except for a significantly higher overall incidence of 
serious adverse events and liver transaminase abnormalities 
with atezolizumab.
CONCLUSIONS: The addition of atezolizumab to nab-paclitaxel 
and carboplatin did not significantly increase the rate of pCR in 
women with TNBC. In multivariate analysis, the presence of 
PD-L1 expression was the most significant factorinfluencing 
the rate of pCR (OR 2.08). Continuing follow-up for the EFS is 
ongoing, and molecular studies are under way.
KEY WORDS: Neoadjuvant therapy, triple-negative breast 
cancer, atezolizumab
Neoadjuvant durvalumab improves survival in early 
triple-negative breast cancer independent of pathological 
complete response

Citation: Ann Oncol. 2022 Nov;33(11):1149-1158.
Author: S Loibl
BACKGROUND: Addition of immune checkpoint inhibitors to 
neoadjuvant chemotherapy (NACT) is a promising strategy in 
early breast cancer, but the optimal duration of therapy is 
currently unknown. In the GeparNuevo (NCT02685059) 

trial,addition of durvalumab to NACT as previously reported led 
to a moderate increase in pathological complete response 
(pCR) rate by an absolute 9% (P ¼ 0.287).
PATIENTS AND METHODS:  Patients with cT1b-cT4a-d 
triple-negative breast cancer (TNBC) received durvalumab 1.5 g 
orplacebo every 4 weeks added to nab-paclitaxel 125 mg/m2 
weekly for 12 weeks, followed by durvalumab/placebo
-every 4 weeks plus epirubicin/cyclophosphamide every 2 
weeks followed by surgery. Durvalumab was not 
continuedafter surgery. The primary objective was pCR. 
Secondary endpoints included invasive disease-free survival 
(iDFS),distant disease-free survival (DDFS) and overall survival 
(OS).
RESULTS: A total of 174 patients were randomised between 
June 2016 and October 2017. After a median follow-up of 43.7 
months, 34 events had occurred. Despite a non-significant 
increase in the pCR rate, significant differences were observed 
for 3-year iDFS, DDFS and OS: iDFS was 85.6% with durvalumab 
versus 77.2% with placebo [hazard ratio(HR) 0.48, 95% 
confidence interval (CI) 0.24-0.97, stratified log-rank P ¼ 0.036]; 
DDFS 91.7% versus 78.4% (HR 0.31,95% CI 0.13-0.74, P ¼ 0.005); 
OS 95.2% versus 83.5% (HR 0.24, 95% CI 0.08-0.72, P ¼ 0.006). 
pCR patients had 3-year iDFS of 95.5% with durvalumab and 
86.1% without (HR 0.22, 95% CI 0.05-1.06). In the non-pCR cohort 
3-yeariDFS was 76.3% versus 69.7% (HR 0.67, 95% CI 0.29-1.54). 
Multivariable analysis confirmed a durvalumab effect 
independent of the pCR effect. No new safety signals occurred.
CONCLUSIONS: Durvalumab added to NACT in TNBC 
significantly improved survival despite a modest pCR increase 

surgery. The association between RCB categories (RCB-0, -1, -2, 
-3, corresponding to increasingly larger residual cancer) and 
EFS was assessed based on a Cox regression model with 
treatment as a covariate.
RESULTS: Median follow-up was 39.1 months at data cutoff (23 
MAR 2021). Pembro shifted RCB to lower categories across the 
entire spectrum (Table). The HRs (95% CI) for EFS were 0.70 
(0.38 - 1.31) for RCB-0 (equivalent to pCR), 0.92 (0.39 - 2.20) for 
RCB-1, 0.52 (0.32 - 0.82) for RCB-2, and 1.24 (0.69 - 2.23) for RCB-3. 
The most common EFS event in both arms was distant 
recurrence, which occurred in fewer pts in the pembro arm in 
all RCB categories.
CONCLUSIONS: Increased RCB score was associated with 
worse EFS. Pts with residual disease had lower RCB values in 
the pembro arm, including fewer pts with RCB-3. Pembro + 
chemo prolonged EFS vs chemo alone in the RCB-0, -1, and -2 
categories; the small sample size limits interpretation in the 
RCB-3 category. The small subset of pts with extensive residual 
disease (RCB-3) in both arms, 5.1% and 6.7%, respectively, had a 
poor prognosis. These results highlight the importance of 
neoadjuvant treatment with pembro for improving survival in 
pts with early TNBC, and identified a subset of pts for whom 
additional therapies will be needed
HRQoL with neoadjuvant pembrolizumab + chemotherapy vs 
placebo + chemotherapy, followed by adjuvant pembrolizumab 
vs placebo for early-stage TNBC: Results from KEYNOTE-522

Citation: ESMO Congress 135MO
Author: R.A. Dent

BACKGROUND: In the phase III KEYNOTE-522 study 
(NCT03036488), neoadjuvant (neoadj) pembrolizumab 
(pembro) + chemotherapy (chemo) vs placebo (pbo) + chemo 
followed by adjuvant (adj) pembro vs pbo in patients (pts) with 
early - stage TNBC showed a statistically significant 
improvement in pCR (ypT0/Tis ypN0) and EFS (dual primary 
endpoints). We present PRO endpoint results from 
KEYNOTE-522.
METHODS: Pts with previously untreated, nonmetastatic, 
centrally confirmed TNBC (stage T1c N1-2 or T2-4 N0-2 per 
AJCC) were randomized 2:1 to neoadj pembro 200 mg Q3W or 
pbo, both given with 4 cycles of paclitaxel + carboplatin then 4 
cycles of doxorubicin or epirubicin + cyclophosphamide. After 
surgery, pts received adj pembro or pbo for up to 9 cycles. PROs 
measured with EORTC QLQ-30 and QLQ-BR23 were 
prespecified secondary objectives, and with EQ-5D VAS were 
exploratory objectives. PROs were assessed during the neoadj 
and adj treatment phases and analyzed for pts who received at 
least 1 study treatment and completed ≥1 PRO assessment 
within the neoadj and adj treatment phases. Between-group 
differences in LS mean change from baseline to the latest time 
point with ≥60%/80% completion/compliance were assessed 
using a longitudinal model (no alpha assigned). A threshold of 
10 points has been published as a meaningful change.
RESULTS: PRO analyses for QLQ-C30 included 1145 pts in the 
neoadj phase (pembro + chemo; n = 762; pbo + chemo, n = 383) 
and 847 in the adj phase (n = 539; n = 308). 
Completion/compliance rates at wk 21 in neoadj phase and wk 
24 in adj phase were ≥80% in both pembro and pbo groups. 
There were no meaningful differences between treatment 
group in PRO results.

and no adjuvant component of durvalumab. Additional studies 
are needed to clarify the optimal duration and sequence of 
checkpoint inhibitors in the treatment of early TNBC.
KEY WORDS: early triple-negative breast cancer, neoadjuvant 
chemotherapy, checkpoint inhibitor, durvalumab, survival
Event-free survival by residual cancer burden after neoadjuvant 
pembrolizumab + chemotherapy versus placebo + 
chemotherapy for early TNBC: Exploratory analysis from 
KEYNOTE-522.

Citation: ASCO 2022 Abstract 503
Author: Lajos Pusztai
BACKGROUND: KEYNOTE-522 (NCT03036488) tested the 
benefit from adding pembrolizumab (pembro) to 
chemotherapy (chemo) in patients (pts) with early TNBC. The 
primary results showed statistically significant and clinically 
meaningful improvements in pCR and EFS with pembro.Prior 
studies have shown the prognostic value of the residual cancer 
burden (RCB) method to quantify the extent of residual disease 
after neoadjuvant chemo. In this exploratory analysis, we 
assessed EFS by RCB in KEYNOTE-522. 
METHODS: 1174 pts with previously untreated, nonmetastatic, 
stage T1c/N1-2 or T2-4/N0-2 TNBC were randomized 2:1 to 
pembro 200 mg Q3W or placebo (pbo) given with 4 cycles of 
paclitaxel + carboplatin, then 4 cycles of doxorubicin or 
epirubicin + cyclophosphamide. After definitive surgery, pts 
received pembro or pbo for 9 cycles or until recurrence or 
unacceptable toxicity. Dual primary endpoints are pCR and 
EFS. RCB was assessed by the local pathologist at the time of 

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

Pathologic complete response (pCR) to neoadjuvant treatment 
with or without atezolizumab in triple-negative, early high-risk 
and locally advanced breast cancer: NeoTRIP Michelangelo 
randomized study
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BACKGROUND: High-risk triple-negative breast cancers 
(TNBCs) are characterized by poor prognosis, rapid progression 
to metastatic stage and onset of resistance to chemotherapy, 
thus representing an area in need of new therapeutic 
approaches. Programmed death-ligand 1 (PD-L1) expression is 
an adaptive mechanism of tumour resistance to 
tumour-infiltrating lymphocytes, which in turn are needed for 
response to chemotherapy. Overall, available data support the 
concept that blockade of PD-L1/programmed cell death 
protein 1 checkpoint may improve efficacy of classical 
chemotherapy.
PATIENTS AND METHODS: Two hundred and eighty patients 
with TNBC were enrolled in this multicentre study 
(NCT002620280) and randomized to neoadjuvant carboplatin 
area under the curve 2 and nab-paclitaxel 125 mg/m2 
intravenously (i.v.) on days 1 and 8, without (n ¼ 142) or with (n 
¼ 138) atezolizumab 1200 mg i.v. on day 1. Both regimens were 
given q3 weeks for eight cycles before surgery followed by four 
cycles of an adjuvant anthracycline regimen. The primary aim 
of the study was to compare event-free survival (EFS), and an 
important secondary aim was the rate of pathological 

complete response (pCR defined as the absence of invasive 
cells in breast and ymph nodes). The primary population for all 
efficacy endpoints is the intention-to-treat (ITT) population.
RESULTS: The ITT analysis revealed that pCR rate after 
treatment with atezolizumab (48.6%) did not reach statistical
significance compared to no atezolizumab [44.4%: odds ratio 
(OR) 1.18; 95% confidence interval 0.74-1.89; P ¼ 0.48]. 
Treatment-related adverse events were similar with either 
regimen except for a significantly higher overall incidence of 
serious adverse events and liver transaminase abnormalities 
with atezolizumab.
CONCLUSIONS: The addition of atezolizumab to nab-paclitaxel 
and carboplatin did not significantly increase the rate of pCR in 
women with TNBC. In multivariate analysis, the presence of 
PD-L1 expression was the most significant factorinfluencing 
the rate of pCR (OR 2.08). Continuing follow-up for the EFS is 
ongoing, and molecular studies are under way.
KEY WORDS: Neoadjuvant therapy, triple-negative breast 
cancer, atezolizumab
Neoadjuvant durvalumab improves survival in early 
triple-negative breast cancer independent of pathological 
complete response
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BACKGROUND: Addition of immune checkpoint inhibitors to 
neoadjuvant chemotherapy (NACT) is a promising strategy in 
early breast cancer, but the optimal duration of therapy is 
currently unknown. In the GeparNuevo (NCT02685059) 

trial,addition of durvalumab to NACT as previously reported led 
to a moderate increase in pathological complete response 
(pCR) rate by an absolute 9% (P ¼ 0.287).
PATIENTS AND METHODS:  Patients with cT1b-cT4a-d 
triple-negative breast cancer (TNBC) received durvalumab 1.5 g 
orplacebo every 4 weeks added to nab-paclitaxel 125 mg/m2 
weekly for 12 weeks, followed by durvalumab/placebo
-every 4 weeks plus epirubicin/cyclophosphamide every 2 
weeks followed by surgery. Durvalumab was not 
continuedafter surgery. The primary objective was pCR. 
Secondary endpoints included invasive disease-free survival 
(iDFS),distant disease-free survival (DDFS) and overall survival 
(OS).
RESULTS: A total of 174 patients were randomised between 
June 2016 and October 2017. After a median follow-up of 43.7 
months, 34 events had occurred. Despite a non-significant 
increase in the pCR rate, significant differences were observed 
for 3-year iDFS, DDFS and OS: iDFS was 85.6% with durvalumab 
versus 77.2% with placebo [hazard ratio(HR) 0.48, 95% 
confidence interval (CI) 0.24-0.97, stratified log-rank P ¼ 0.036]; 
DDFS 91.7% versus 78.4% (HR 0.31,95% CI 0.13-0.74, P ¼ 0.005); 
OS 95.2% versus 83.5% (HR 0.24, 95% CI 0.08-0.72, P ¼ 0.006). 
pCR patients had 3-year iDFS of 95.5% with durvalumab and 
86.1% without (HR 0.22, 95% CI 0.05-1.06). In the non-pCR cohort 
3-yeariDFS was 76.3% versus 69.7% (HR 0.67, 95% CI 0.29-1.54). 
Multivariable analysis confirmed a durvalumab effect 
independent of the pCR effect. No new safety signals occurred.
CONCLUSIONS: Durvalumab added to NACT in TNBC 
significantly improved survival despite a modest pCR increase 

surgery. The association between RCB categories (RCB-0, -1, -2, 
-3, corresponding to increasingly larger residual cancer) and 
EFS was assessed based on a Cox regression model with 
treatment as a covariate.
RESULTS: Median follow-up was 39.1 months at data cutoff (23 
MAR 2021). Pembro shifted RCB to lower categories across the 
entire spectrum (Table). The HRs (95% CI) for EFS were 0.70 
(0.38 - 1.31) for RCB-0 (equivalent to pCR), 0.92 (0.39 - 2.20) for 
RCB-1, 0.52 (0.32 - 0.82) for RCB-2, and 1.24 (0.69 - 2.23) for RCB-3. 
The most common EFS event in both arms was distant 
recurrence, which occurred in fewer pts in the pembro arm in 
all RCB categories.
CONCLUSIONS: Increased RCB score was associated with 
worse EFS. Pts with residual disease had lower RCB values in 
the pembro arm, including fewer pts with RCB-3. Pembro + 
chemo prolonged EFS vs chemo alone in the RCB-0, -1, and -2 
categories; the small sample size limits interpretation in the 
RCB-3 category. The small subset of pts with extensive residual 
disease (RCB-3) in both arms, 5.1% and 6.7%, respectively, had a 
poor prognosis. These results highlight the importance of 
neoadjuvant treatment with pembro for improving survival in 
pts with early TNBC, and identified a subset of pts for whom 
additional therapies will be needed
HRQoL with neoadjuvant pembrolizumab + chemotherapy vs 
placebo + chemotherapy, followed by adjuvant pembrolizumab 
vs placebo for early-stage TNBC: Results from KEYNOTE-522
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BACKGROUND: In the phase III KEYNOTE-522 study 
(NCT03036488), neoadjuvant (neoadj) pembrolizumab 
(pembro) + chemotherapy (chemo) vs placebo (pbo) + chemo 
followed by adjuvant (adj) pembro vs pbo in patients (pts) with 
early - stage TNBC showed a statistically significant 
improvement in pCR (ypT0/Tis ypN0) and EFS (dual primary 
endpoints). We present PRO endpoint results from 
KEYNOTE-522.
METHODS: Pts with previously untreated, nonmetastatic, 
centrally confirmed TNBC (stage T1c N1-2 or T2-4 N0-2 per 
AJCC) were randomized 2:1 to neoadj pembro 200 mg Q3W or 
pbo, both given with 4 cycles of paclitaxel + carboplatin then 4 
cycles of doxorubicin or epirubicin + cyclophosphamide. After 
surgery, pts received adj pembro or pbo for up to 9 cycles. PROs 
measured with EORTC QLQ-30 and QLQ-BR23 were 
prespecified secondary objectives, and with EQ-5D VAS were 
exploratory objectives. PROs were assessed during the neoadj 
and adj treatment phases and analyzed for pts who received at 
least 1 study treatment and completed ≥1 PRO assessment 
within the neoadj and adj treatment phases. Between-group 
differences in LS mean change from baseline to the latest time 
point with ≥60%/80% completion/compliance were assessed 
using a longitudinal model (no alpha assigned). A threshold of 
10 points has been published as a meaningful change.
RESULTS: PRO analyses for QLQ-C30 included 1145 pts in the 
neoadj phase (pembro + chemo; n = 762; pbo + chemo, n = 383) 
and 847 in the adj phase (n = 539; n = 308). 
Completion/compliance rates at wk 21 in neoadj phase and wk 
24 in adj phase were ≥80% in both pembro and pbo groups. 
There were no meaningful differences between treatment 
group in PRO results.

and no adjuvant component of durvalumab. Additional studies 
are needed to clarify the optimal duration and sequence of 
checkpoint inhibitors in the treatment of early TNBC.
KEY WORDS: early triple-negative breast cancer, neoadjuvant 
chemotherapy, checkpoint inhibitor, durvalumab, survival
Event-free survival by residual cancer burden after neoadjuvant 
pembrolizumab + chemotherapy versus placebo + 
chemotherapy for early TNBC: Exploratory analysis from 
KEYNOTE-522.
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BACKGROUND: KEYNOTE-522 (NCT03036488) tested the 
benefit from adding pembrolizumab (pembro) to 
chemotherapy (chemo) in patients (pts) with early TNBC. The 
primary results showed statistically significant and clinically 
meaningful improvements in pCR and EFS with pembro.Prior 
studies have shown the prognostic value of the residual cancer 
burden (RCB) method to quantify the extent of residual disease 
after neoadjuvant chemo. In this exploratory analysis, we 
assessed EFS by RCB in KEYNOTE-522. 
METHODS: 1174 pts with previously untreated, nonmetastatic, 
stage T1c/N1-2 or T2-4/N0-2 TNBC were randomized 2:1 to 
pembro 200 mg Q3W or placebo (pbo) given with 4 cycles of 
paclitaxel + carboplatin, then 4 cycles of doxorubicin or 
epirubicin + cyclophosphamide. After definitive surgery, pts 
received pembro or pbo for 9 cycles or until recurrence or 
unacceptable toxicity. Dual primary endpoints are pCR and 
EFS. RCB was assessed by the local pathologist at the time of 

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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Pathologic complete response (pCR) to neoadjuvant treatment 
with or without atezolizumab in triple-negative, early high-risk 
and locally advanced breast cancer: NeoTRIP Michelangelo 
randomized study

Citation: Ann Oncol. 2022 May;33(5):534-543.
Author: L Gianni
BACKGROUND: High-risk triple-negative breast cancers 
(TNBCs) are characterized by poor prognosis, rapid progression 
to metastatic stage and onset of resistance to chemotherapy, 
thus representing an area in need of new therapeutic 
approaches. Programmed death-ligand 1 (PD-L1) expression is 
an adaptive mechanism of tumour resistance to 
tumour-infiltrating lymphocytes, which in turn are needed for 
response to chemotherapy. Overall, available data support the 
concept that blockade of PD-L1/programmed cell death 
protein 1 checkpoint may improve efficacy of classical 
chemotherapy.
PATIENTS AND METHODS: Two hundred and eighty patients 
with TNBC were enrolled in this multicentre study 
(NCT002620280) and randomized to neoadjuvant carboplatin 
area under the curve 2 and nab-paclitaxel 125 mg/m2 
intravenously (i.v.) on days 1 and 8, without (n ¼ 142) or with (n 
¼ 138) atezolizumab 1200 mg i.v. on day 1. Both regimens were 
given q3 weeks for eight cycles before surgery followed by four 
cycles of an adjuvant anthracycline regimen. The primary aim 
of the study was to compare event-free survival (EFS), and an 
important secondary aim was the rate of pathological 

complete response (pCR defined as the absence of invasive 
cells in breast and ymph nodes). The primary population for all 
efficacy endpoints is the intention-to-treat (ITT) population.
RESULTS: The ITT analysis revealed that pCR rate after 
treatment with atezolizumab (48.6%) did not reach statistical
significance compared to no atezolizumab [44.4%: odds ratio 
(OR) 1.18; 95% confidence interval 0.74-1.89; P ¼ 0.48]. 
Treatment-related adverse events were similar with either 
regimen except for a significantly higher overall incidence of 
serious adverse events and liver transaminase abnormalities 
with atezolizumab.
CONCLUSIONS: The addition of atezolizumab to nab-paclitaxel 
and carboplatin did not significantly increase the rate of pCR in 
women with TNBC. In multivariate analysis, the presence of 
PD-L1 expression was the most significant factorinfluencing 
the rate of pCR (OR 2.08). Continuing follow-up for the EFS is 
ongoing, and molecular studies are under way.
KEY WORDS: Neoadjuvant therapy, triple-negative breast 
cancer, atezolizumab
Neoadjuvant durvalumab improves survival in early 
triple-negative breast cancer independent of pathological 
complete response

Citation: Ann Oncol. 2022 Nov;33(11):1149-1158.
Author: S Loibl
BACKGROUND: Addition of immune checkpoint inhibitors to 
neoadjuvant chemotherapy (NACT) is a promising strategy in 
early breast cancer, but the optimal duration of therapy is 
currently unknown. In the GeparNuevo (NCT02685059) 

trial,addition of durvalumab to NACT as previously reported led 
to a moderate increase in pathological complete response 
(pCR) rate by an absolute 9% (P ¼ 0.287).
PATIENTS AND METHODS:  Patients with cT1b-cT4a-d 
triple-negative breast cancer (TNBC) received durvalumab 1.5 g 
orplacebo every 4 weeks added to nab-paclitaxel 125 mg/m2 
weekly for 12 weeks, followed by durvalumab/placebo
-every 4 weeks plus epirubicin/cyclophosphamide every 2 
weeks followed by surgery. Durvalumab was not 
continuedafter surgery. The primary objective was pCR. 
Secondary endpoints included invasive disease-free survival 
(iDFS),distant disease-free survival (DDFS) and overall survival 
(OS).
RESULTS: A total of 174 patients were randomised between 
June 2016 and October 2017. After a median follow-up of 43.7 
months, 34 events had occurred. Despite a non-significant 
increase in the pCR rate, significant differences were observed 
for 3-year iDFS, DDFS and OS: iDFS was 85.6% with durvalumab 
versus 77.2% with placebo [hazard ratio(HR) 0.48, 95% 
confidence interval (CI) 0.24-0.97, stratified log-rank P ¼ 0.036]; 
DDFS 91.7% versus 78.4% (HR 0.31,95% CI 0.13-0.74, P ¼ 0.005); 
OS 95.2% versus 83.5% (HR 0.24, 95% CI 0.08-0.72, P ¼ 0.006). 
pCR patients had 3-year iDFS of 95.5% with durvalumab and 
86.1% without (HR 0.22, 95% CI 0.05-1.06). In the non-pCR cohort 
3-yeariDFS was 76.3% versus 69.7% (HR 0.67, 95% CI 0.29-1.54). 
Multivariable analysis confirmed a durvalumab effect 
independent of the pCR effect. No new safety signals occurred.
CONCLUSIONS: Durvalumab added to NACT in TNBC 
significantly improved survival despite a modest pCR increase 

surgery. The association between RCB categories (RCB-0, -1, -2, 
-3, corresponding to increasingly larger residual cancer) and 
EFS was assessed based on a Cox regression model with 
treatment as a covariate.
RESULTS: Median follow-up was 39.1 months at data cutoff (23 
MAR 2021). Pembro shifted RCB to lower categories across the 
entire spectrum (Table). The HRs (95% CI) for EFS were 0.70 
(0.38 - 1.31) for RCB-0 (equivalent to pCR), 0.92 (0.39 - 2.20) for 
RCB-1, 0.52 (0.32 - 0.82) for RCB-2, and 1.24 (0.69 - 2.23) for RCB-3. 
The most common EFS event in both arms was distant 
recurrence, which occurred in fewer pts in the pembro arm in 
all RCB categories.
CONCLUSIONS: Increased RCB score was associated with 
worse EFS. Pts with residual disease had lower RCB values in 
the pembro arm, including fewer pts with RCB-3. Pembro + 
chemo prolonged EFS vs chemo alone in the RCB-0, -1, and -2 
categories; the small sample size limits interpretation in the 
RCB-3 category. The small subset of pts with extensive residual 
disease (RCB-3) in both arms, 5.1% and 6.7%, respectively, had a 
poor prognosis. These results highlight the importance of 
neoadjuvant treatment with pembro for improving survival in 
pts with early TNBC, and identified a subset of pts for whom 
additional therapies will be needed
HRQoL with neoadjuvant pembrolizumab + chemotherapy vs 
placebo + chemotherapy, followed by adjuvant pembrolizumab 
vs placebo for early-stage TNBC: Results from KEYNOTE-522

Citation: ESMO Congress 135MO
Author: R.A. Dent

BACKGROUND: In the phase III KEYNOTE-522 study 
(NCT03036488), neoadjuvant (neoadj) pembrolizumab 
(pembro) + chemotherapy (chemo) vs placebo (pbo) + chemo 
followed by adjuvant (adj) pembro vs pbo in patients (pts) with 
early - stage TNBC showed a statistically significant 
improvement in pCR (ypT0/Tis ypN0) and EFS (dual primary 
endpoints). We present PRO endpoint results from 
KEYNOTE-522.
METHODS: Pts with previously untreated, nonmetastatic, 
centrally confirmed TNBC (stage T1c N1-2 or T2-4 N0-2 per 
AJCC) were randomized 2:1 to neoadj pembro 200 mg Q3W or 
pbo, both given with 4 cycles of paclitaxel + carboplatin then 4 
cycles of doxorubicin or epirubicin + cyclophosphamide. After 
surgery, pts received adj pembro or pbo for up to 9 cycles. PROs 
measured with EORTC QLQ-30 and QLQ-BR23 were 
prespecified secondary objectives, and with EQ-5D VAS were 
exploratory objectives. PROs were assessed during the neoadj 
and adj treatment phases and analyzed for pts who received at 
least 1 study treatment and completed ≥1 PRO assessment 
within the neoadj and adj treatment phases. Between-group 
differences in LS mean change from baseline to the latest time 
point with ≥60%/80% completion/compliance were assessed 
using a longitudinal model (no alpha assigned). A threshold of 
10 points has been published as a meaningful change.
RESULTS: PRO analyses for QLQ-C30 included 1145 pts in the 
neoadj phase (pembro + chemo; n = 762; pbo + chemo, n = 383) 
and 847 in the adj phase (n = 539; n = 308). 
Completion/compliance rates at wk 21 in neoadj phase and wk 
24 in adj phase were ≥80% in both pembro and pbo groups. 
There were no meaningful differences between treatment 
group in PRO results.

and no adjuvant component of durvalumab. Additional studies 
are needed to clarify the optimal duration and sequence of 
checkpoint inhibitors in the treatment of early TNBC.
KEY WORDS: early triple-negative breast cancer, neoadjuvant 
chemotherapy, checkpoint inhibitor, durvalumab, survival
Event-free survival by residual cancer burden after neoadjuvant 
pembrolizumab + chemotherapy versus placebo + 
chemotherapy for early TNBC: Exploratory analysis from 
KEYNOTE-522.

Citation: ASCO 2022 Abstract 503
Author: Lajos Pusztai
BACKGROUND: KEYNOTE-522 (NCT03036488) tested the 
benefit from adding pembrolizumab (pembro) to 
chemotherapy (chemo) in patients (pts) with early TNBC. The 
primary results showed statistically significant and clinically 
meaningful improvements in pCR and EFS with pembro.Prior 
studies have shown the prognostic value of the residual cancer 
burden (RCB) method to quantify the extent of residual disease 
after neoadjuvant chemo. In this exploratory analysis, we 
assessed EFS by RCB in KEYNOTE-522. 
METHODS: 1174 pts with previously untreated, nonmetastatic, 
stage T1c/N1-2 or T2-4/N0-2 TNBC were randomized 2:1 to 
pembro 200 mg Q3W or placebo (pbo) given with 4 cycles of 
paclitaxel + carboplatin, then 4 cycles of doxorubicin or 
epirubicin + cyclophosphamide. After definitive surgery, pts 
received pembro or pbo for 9 cycles or until recurrence or 
unacceptable toxicity. Dual primary endpoints are pCR and 
EFS. RCB was assessed by the local pathologist at the time of 

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
Author: Lucia Del Mastro
BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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Pathologic complete response (pCR) to neoadjuvant treatment 
with or without atezolizumab in triple-negative, early high-risk 
and locally advanced breast cancer: NeoTRIP Michelangelo 
randomized study

Citation: Ann Oncol. 2022 May;33(5):534-543.
Author: L Gianni
BACKGROUND: High-risk triple-negative breast cancers 
(TNBCs) are characterized by poor prognosis, rapid progression 
to metastatic stage and onset of resistance to chemotherapy, 
thus representing an area in need of new therapeutic 
approaches. Programmed death-ligand 1 (PD-L1) expression is 
an adaptive mechanism of tumour resistance to 
tumour-infiltrating lymphocytes, which in turn are needed for 
response to chemotherapy. Overall, available data support the 
concept that blockade of PD-L1/programmed cell death 
protein 1 checkpoint may improve efficacy of classical 
chemotherapy.
PATIENTS AND METHODS: Two hundred and eighty patients 
with TNBC were enrolled in this multicentre study 
(NCT002620280) and randomized to neoadjuvant carboplatin 
area under the curve 2 and nab-paclitaxel 125 mg/m2 
intravenously (i.v.) on days 1 and 8, without (n ¼ 142) or with (n 
¼ 138) atezolizumab 1200 mg i.v. on day 1. Both regimens were 
given q3 weeks for eight cycles before surgery followed by four 
cycles of an adjuvant anthracycline regimen. The primary aim 
of the study was to compare event-free survival (EFS), and an 
important secondary aim was the rate of pathological 

complete response (pCR defined as the absence of invasive 
cells in breast and ymph nodes). The primary population for all 
efficacy endpoints is the intention-to-treat (ITT) population.
RESULTS: The ITT analysis revealed that pCR rate after 
treatment with atezolizumab (48.6%) did not reach statistical
significance compared to no atezolizumab [44.4%: odds ratio 
(OR) 1.18; 95% confidence interval 0.74-1.89; P ¼ 0.48]. 
Treatment-related adverse events were similar with either 
regimen except for a significantly higher overall incidence of 
serious adverse events and liver transaminase abnormalities 
with atezolizumab.
CONCLUSIONS: The addition of atezolizumab to nab-paclitaxel 
and carboplatin did not significantly increase the rate of pCR in 
women with TNBC. In multivariate analysis, the presence of 
PD-L1 expression was the most significant factorinfluencing 
the rate of pCR (OR 2.08). Continuing follow-up for the EFS is 
ongoing, and molecular studies are under way.
KEY WORDS: Neoadjuvant therapy, triple-negative breast 
cancer, atezolizumab
Neoadjuvant durvalumab improves survival in early 
triple-negative breast cancer independent of pathological 
complete response

Citation: Ann Oncol. 2022 Nov;33(11):1149-1158.
Author: S Loibl
BACKGROUND: Addition of immune checkpoint inhibitors to 
neoadjuvant chemotherapy (NACT) is a promising strategy in 
early breast cancer, but the optimal duration of therapy is 
currently unknown. In the GeparNuevo (NCT02685059) 

trial,addition of durvalumab to NACT as previously reported led 
to a moderate increase in pathological complete response 
(pCR) rate by an absolute 9% (P ¼ 0.287).
PATIENTS AND METHODS:  Patients with cT1b-cT4a-d 
triple-negative breast cancer (TNBC) received durvalumab 1.5 g 
orplacebo every 4 weeks added to nab-paclitaxel 125 mg/m2 
weekly for 12 weeks, followed by durvalumab/placebo
-every 4 weeks plus epirubicin/cyclophosphamide every 2 
weeks followed by surgery. Durvalumab was not 
continuedafter surgery. The primary objective was pCR. 
Secondary endpoints included invasive disease-free survival 
(iDFS),distant disease-free survival (DDFS) and overall survival 
(OS).
RESULTS: A total of 174 patients were randomised between 
June 2016 and October 2017. After a median follow-up of 43.7 
months, 34 events had occurred. Despite a non-significant 
increase in the pCR rate, significant differences were observed 
for 3-year iDFS, DDFS and OS: iDFS was 85.6% with durvalumab 
versus 77.2% with placebo [hazard ratio(HR) 0.48, 95% 
confidence interval (CI) 0.24-0.97, stratified log-rank P ¼ 0.036]; 
DDFS 91.7% versus 78.4% (HR 0.31,95% CI 0.13-0.74, P ¼ 0.005); 
OS 95.2% versus 83.5% (HR 0.24, 95% CI 0.08-0.72, P ¼ 0.006). 
pCR patients had 3-year iDFS of 95.5% with durvalumab and 
86.1% without (HR 0.22, 95% CI 0.05-1.06). In the non-pCR cohort 
3-yeariDFS was 76.3% versus 69.7% (HR 0.67, 95% CI 0.29-1.54). 
Multivariable analysis confirmed a durvalumab effect 
independent of the pCR effect. No new safety signals occurred.
CONCLUSIONS: Durvalumab added to NACT in TNBC 
significantly improved survival despite a modest pCR increase 

surgery. The association between RCB categories (RCB-0, -1, -2, 
-3, corresponding to increasingly larger residual cancer) and 
EFS was assessed based on a Cox regression model with 
treatment as a covariate.
RESULTS: Median follow-up was 39.1 months at data cutoff (23 
MAR 2021). Pembro shifted RCB to lower categories across the 
entire spectrum (Table). The HRs (95% CI) for EFS were 0.70 
(0.38 - 1.31) for RCB-0 (equivalent to pCR), 0.92 (0.39 - 2.20) for 
RCB-1, 0.52 (0.32 - 0.82) for RCB-2, and 1.24 (0.69 - 2.23) for RCB-3. 
The most common EFS event in both arms was distant 
recurrence, which occurred in fewer pts in the pembro arm in 
all RCB categories.
CONCLUSIONS: Increased RCB score was associated with 
worse EFS. Pts with residual disease had lower RCB values in 
the pembro arm, including fewer pts with RCB-3. Pembro + 
chemo prolonged EFS vs chemo alone in the RCB-0, -1, and -2 
categories; the small sample size limits interpretation in the 
RCB-3 category. The small subset of pts with extensive residual 
disease (RCB-3) in both arms, 5.1% and 6.7%, respectively, had a 
poor prognosis. These results highlight the importance of 
neoadjuvant treatment with pembro for improving survival in 
pts with early TNBC, and identified a subset of pts for whom 
additional therapies will be needed
HRQoL with neoadjuvant pembrolizumab + chemotherapy vs 
placebo + chemotherapy, followed by adjuvant pembrolizumab 
vs placebo for early-stage TNBC: Results from KEYNOTE-522

Citation: ESMO Congress 135MO
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BACKGROUND: In the phase III KEYNOTE-522 study 
(NCT03036488), neoadjuvant (neoadj) pembrolizumab 
(pembro) + chemotherapy (chemo) vs placebo (pbo) + chemo 
followed by adjuvant (adj) pembro vs pbo in patients (pts) with 
early - stage TNBC showed a statistically significant 
improvement in pCR (ypT0/Tis ypN0) and EFS (dual primary 
endpoints). We present PRO endpoint results from 
KEYNOTE-522.
METHODS: Pts with previously untreated, nonmetastatic, 
centrally confirmed TNBC (stage T1c N1-2 or T2-4 N0-2 per 
AJCC) were randomized 2:1 to neoadj pembro 200 mg Q3W or 
pbo, both given with 4 cycles of paclitaxel + carboplatin then 4 
cycles of doxorubicin or epirubicin + cyclophosphamide. After 
surgery, pts received adj pembro or pbo for up to 9 cycles. PROs 
measured with EORTC QLQ-30 and QLQ-BR23 were 
prespecified secondary objectives, and with EQ-5D VAS were 
exploratory objectives. PROs were assessed during the neoadj 
and adj treatment phases and analyzed for pts who received at 
least 1 study treatment and completed ≥1 PRO assessment 
within the neoadj and adj treatment phases. Between-group 
differences in LS mean change from baseline to the latest time 
point with ≥60%/80% completion/compliance were assessed 
using a longitudinal model (no alpha assigned). A threshold of 
10 points has been published as a meaningful change.
RESULTS: PRO analyses for QLQ-C30 included 1145 pts in the 
neoadj phase (pembro + chemo; n = 762; pbo + chemo, n = 383) 
and 847 in the adj phase (n = 539; n = 308). 
Completion/compliance rates at wk 21 in neoadj phase and wk 
24 in adj phase were ≥80% in both pembro and pbo groups. 
There were no meaningful differences between treatment 
group in PRO results.

and no adjuvant component of durvalumab. Additional studies 
are needed to clarify the optimal duration and sequence of 
checkpoint inhibitors in the treatment of early TNBC.
KEY WORDS: early triple-negative breast cancer, neoadjuvant 
chemotherapy, checkpoint inhibitor, durvalumab, survival
Event-free survival by residual cancer burden after neoadjuvant 
pembrolizumab + chemotherapy versus placebo + 
chemotherapy for early TNBC: Exploratory analysis from 
KEYNOTE-522.

Citation: ASCO 2022 Abstract 503
Author: Lajos Pusztai
BACKGROUND: KEYNOTE-522 (NCT03036488) tested the 
benefit from adding pembrolizumab (pembro) to 
chemotherapy (chemo) in patients (pts) with early TNBC. The 
primary results showed statistically significant and clinically 
meaningful improvements in pCR and EFS with pembro.Prior 
studies have shown the prognostic value of the residual cancer 
burden (RCB) method to quantify the extent of residual disease 
after neoadjuvant chemo. In this exploratory analysis, we 
assessed EFS by RCB in KEYNOTE-522. 
METHODS: 1174 pts with previously untreated, nonmetastatic, 
stage T1c/N1-2 or T2-4/N0-2 TNBC were randomized 2:1 to 
pembro 200 mg Q3W or placebo (pbo) given with 4 cycles of 
paclitaxel + carboplatin, then 4 cycles of doxorubicin or 
epirubicin + cyclophosphamide. After definitive surgery, pts 
received pembro or pbo for 9 cycles or until recurrence or 
unacceptable toxicity. Dual primary endpoints are pCR and 
EFS. RCB was assessed by the local pathologist at the time of 

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

Table: 135MO

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)
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BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis
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IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial
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BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
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BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)
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BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)
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BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
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IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
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BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
Author: Lucia Del Mastro
BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)
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BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
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IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial
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BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis
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IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial
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BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)
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BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
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IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
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BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)
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BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
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IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial
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Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
Author: Lucia Del Mastro
BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)
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BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis
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IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial
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BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

Table: 164O

aBased on constrained longitudinal data analysis model (two-sided P value).
bBased on stratified Cox regression model; P value based on stratified log-rank test (one-sided).

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
1051-1058.
Author: Heikki Joensuu

PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1010-1018.
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IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial

Citation: JAMA Oncol. 2022 Dec 1;8(12):1802-1808.
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IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

Change from baseline to wk 15a Between-group difference (pembro vs pbo)Least squares mean (95% CI); P value 
QLQ-C30 GHS/QoL −1.81 (−6.92 to 3.30); P = 0.4865 
QLQ-C30 emotional functioning −1.43 (−7.03 to 4.16); P = 0.6149 
QLQ-C30 physical functioning −1.05 (−6.59 to 4.50); P = 0.7102 
EQ-5D VAS 0.18 (−5.04 to 5.39); P = 0.9468 
TTDb HR (Pembro vs Pbo) (95% CI); P Value 
QLQ-C30 GHS/QoL 1.00 (0.72 to 1.40); P = 0.5137 
QLQ-C30 emotional functioning 1.28 (0.88 to 1.85); P = 0.9039 
QLQ-C30 physical functioning 1.26 (0.90 to 1.77); P = 0.9194 

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
Author: Debu Tripathy

IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
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PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial
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IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial
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IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
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BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial
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IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
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BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
Author: Lucia Del Mastro
BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
1051-1058.
Author: Heikki Joensuu

PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1010-1018.
Author: Jens-Uwe Blohmer
IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial

Citation: JAMA Oncol. 2022 Dec 1;8(12):1802-1808.
Author: Pierre Loap
IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
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IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
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PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis
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IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial
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BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial
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PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial
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IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial

Citation: JAMA Oncol. 2022 Dec 1;8(12):1802-1808.
Author: Pierre Loap
IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
Author: Debu Tripathy

IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial
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PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial
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IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial
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IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial
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BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial
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IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
1051-1058.
Author: Heikki Joensuu

PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1010-1018.
Author: Jens-Uwe Blohmer
IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial

Citation: JAMA Oncol. 2022 Dec 1;8(12):1802-1808.
Author: Pierre Loap
IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
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IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
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PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
1051-1058.
Author: Heikki Joensuu

PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1010-1018.
Author: Jens-Uwe Blohmer
IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial

Citation: JAMA Oncol. 2022 Dec 1;8(12):1802-1808.
Author: Pierre Loap
IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
Author: Debu Tripathy

IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
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PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial
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IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial
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IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
Author: Debu Tripathy

IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial
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PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial
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IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial
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IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial
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BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial
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IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)
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BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
1051-1058.
Author: Heikki Joensuu

PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1010-1018.
Author: Jens-Uwe Blohmer
IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial

Citation: JAMA Oncol. 2022 Dec 1;8(12):1802-1808.
Author: Pierre Loap
IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
Author: Debu Tripathy

IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial
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BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial
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PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial
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IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial

Citation: JAMA Oncol. 2022 Dec 1;8(12):1802-1808.
Author: Pierre Loap
IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
Author: Debu Tripathy

IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
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PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial
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IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial
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IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
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BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial
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IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)
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BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
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PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
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BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)
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BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
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IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial
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BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial
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BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
1051-1058.
Author: Heikki Joensuu

PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1010-1018.
Author: Jens-Uwe Blohmer
IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial

Citation: JAMA Oncol. 2022 Dec 1;8(12):1802-1808.
Author: Pierre Loap
IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
Author: Debu Tripathy

IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
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PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1010-1018.
Author: Jens-Uwe Blohmer
IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial

Citation: JAMA Oncol. 2022 Dec 1;8(12):1802-1808.
Author: Pierre Loap
IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
Author: Debu Tripathy

IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.

118118



pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
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PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial
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IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial
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IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial
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BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
Author: Debu Tripathy

IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
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PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
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BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
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IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
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BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
Author: A.N.J. Tutt
BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355

Citation: ESMO Breast Cancer Congress 1640
Author: D.W. Cescon
Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
1051-1058.
Author: Heikki Joensuu

PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1010-1018.
Author: Jens-Uwe Blohmer
IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial

Citation: JAMA Oncol. 2022 Dec 1;8(12):1802-1808.
Author: Pierre Loap
IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
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IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer

Citation: Ann Oncol. 2022;May; 33(5): 566-568 
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
 Author: Javier Cortes
BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
1051-1058.
Author: Heikki Joensuu

PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1010-1018.
Author: Jens-Uwe Blohmer
IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial

Citation: JAMA Oncol. 2022 Dec 1;8(12):1802-1808.
Author: Pierre Loap
IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial
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IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.
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pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
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Author: Heikki Joensuu

PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial
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IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial

Citation: JAMA Oncol. 2022 Dec 1;8(12):1802-1808.
Author: Pierre Loap
IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
Author: H S Han
BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial

Citation: JAMA Oncol. 2022 Jul 1;8(7):1047-1052.
Author: Debu Tripathy

IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.

pathological complete response (pCR) rates with manageable 
acute toxicity in patients with triple-negative breast cancer 
(TNBC). Here, we report 4.5-year follow-up data from the trial.
PATIENTS AND METHODS: Women with untreated stage II-III 
TNBC were randomized (2 : 1 : 1) to paclitaxel (weekly for 12 
doses) plus: (i) carboplatin (every 3 weeks for four cycles) plus 
veliparib (twice daily); (ii) carboplatin plus veliparib placebo; or 
(iii) carboplatin placebo plus veliparib placebo. All patients then 
received doxorubicin and cyclophosphamide every 2-3 weeks 
for four cycles. The primary endpoint was pCR. Secondary 
endpoints included event-free survival (EFS), overall survival 
(OS), and safety. Since the co-primary endpoint of increased 
pCR with carboplatin plus veliparib with paclitaxel versus 
carboplatin with paclitaxel was not met, secondary analyses 
are descriptive.
RESULTS: Of 634 patients, 316 were randomized to carboplatin 
plus veliparib with paclitaxel, 160 to carboplatin with paclitaxel, 
and 158 to paclitaxel. With median follow-up of 4.5 years, the 
hazard ratio for EFS for carboplatin plus veliparib with 
paclitaxel versus paclitaxel was 0.63 [95% confidence interval 
(CI) 0.43-0.92, P ¼ 0.02], but 1.12 (95% CI 0.72-1.72, P ¼ 0.62) for 
carboplatin plus veliparib with paclitaxel versus carboplatin 
with paclitaxel. In post hoc analysis, the hazard ratio for EFS 
was 0.57 (95% CI 0.36-0.91, P ¼ 0.02) for carboplatin with 
paclitaxel versus paclitaxel. OS did not differ significantly 
between treatment arms, nor did rates of myelodysplastic 
syndromes, acute myeloid leukemia, or other secondary 
malignancies.

RESULTS: Among baseline characteristics, only the clinical 
stage was associated with LTOs. At a median follow-up of 7.9 
years, LTOs were not significantly improved with either 
carboplatin or bevacizumab, overall or in patientswith basallike 
subtype cancers by genomic analysis. Patients with pCR (n 5 
205, 46.3%) had significantly higher 5-year EFS (85.5% v 56.6%, 
log-rank P,.0001) and overall survival (87.9% v 63.4%, P,.0001) 
rates compared with patients with RD, even those with RCB 
class I. Among clinical and genomic features, evidence of 
immune activation, including tumor-infiltrating lymphocytes 
and low B-cell receptor evenness, was associated with pCR and 
improved EFS.
CONCLUSION: Despite higher pCR rates, neither carboplatin 
nor bevacizumab appeared to improve LTOs although the 
study was not powered to assess these secondary end points. 
pCR was associated with superior LTOs even when compared 
with minimal RD. Markers of immune activation in 
pretreatment tumor biopsies were independently associated 
with higher pCR rates and improved survival.
Long-term efficacy and safety of addition of carboplatin with or 
without veliparib to standard neoadjuvant chemotherapy in 
triple-negative breast cancer: 4-year follow-up data from 
BrighTNess, a randomized phase III trial

Citation: Ann Oncol. 2022 Apr;33(4):384-394.
Author: C E Geyer
BACKGROUND: Primary analyses of the phase III BrighTNess 
trial showed addition of carboplatin with/without veliparib to 
neoadjuvant chemotherapy significantly improved 

to receive neoadjuvant therapy with four cyclesof 
pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks 
plus paclitaxeland carboplatin, followed by four cycles of 
pembrolizumab or placebo plus doxorubicin – 
cyclophosphamide or epirubicin–cyclophosphamide. After 
definitive surgery,patients received adjuvant pembrolizumab 
(pembrolizumab – chemotherapy group) or placebo 
(placebo–chemotherapy group) every 3 weeks for up to 
ninecycles. The primary end points were pathological 
complete response (the resultsfor which have been reported 
previously) and event-free survival, defined as thetime from 
randomization to the date of disease progression that 
precluded definitivesurgery, local or distant recurrence, 
occurrence of a second primary cancer, or death from any 
cause. Safety was also assessed.
RESULTS:

Of the 1174 patients who underwent randomization, 784 were 
assigned to thepembrolizumab–chemotherapy group and 390 
to the placebo–chemotherapy group.The median follow-up at 
this fourth planned interim analysis (data cutoff, March 23,2021) 
was 39.1 months. The estimated event-free survival at 36 
months was 84.5% (95% confidence interval [CI], 81.7 to 86.9) in 
the pembrolizumab–chemotherapygroup, as compared with 
76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapygroup 
(hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; 
P<0.001). Adverseevents occurred predominantly during the 
neoadjuvant phase and were consistent with the established 
safety profiles of pembrolizumab and chemotherapy.
CONCLUSIONS: In patients with early triple-negative breast 
cancer, neoadjuvant pembrolizumab plus chemotherapy, 

followed by adjuvant pembrolizumab after surgery, resulted 
insignificantly longer event-free survival than neoadjuvant 
chemotherapy alone. (Fundedby Merck Sharp and Dohme, a 
subsidiary of Merck; KEYNOTE-522 ClinicalTrials .gov number, 
NCT03036488.)
CALGB 40603 (Alliance): Long-Term Outcomes and Genomic 
Correlates of Response and Survival After Neoadjuvant 
Chemotherapy With or Without Carboplatin and Bevacizumab in 
Triple-Negative Breast Cancer

Citation: J ClinOncol. 2022 Apr20;40(12):1323-1334.
Author: Jonathan H Shepherd
PURPOSE: CALGB 40603 (NCT00861705), a 2 3 2 randomized 
phase II trial, demonstrated that adding carboplatin or 
bevacizumab to weekly paclitaxel (wP) followed by doxorubicin 
and cyclophosphamide significantly increased the pathologic 
complete response (pCR) rate in stage II-III triple-negative 
breast cancer. We now report long-term outcomes (LTOs) and 
correlative science end points.
PATIENTS AND METHODS: The Kaplan-Meier method was used 
to estimate LTOs in 443 patients who initiated study treatment. 
Log-rank tests and Cox proportional hazards models evaluated 
the impact of clinical characteristics, pathologic response, 
calculated residual cancer burden (RCB) in patients with 
residual disease (RD), treatment assignment, and dose delivery 
during wP on LTOs, including event-free survival (EFS). 
Genomic predictors of treatment response and outcomes were 
assessed on pretreatment tumor samples by mRNA 
sequencing.

CONCLUSIONS: Neoadj pembro + chemo followed by adj 
pembro did not have a negative meaningful impact on HRQoL 
vs pbo control in pts with previously untreated early-stage 
TNBC, reinforcing the clinical benefit seen with this regimen
Event-free Survival with Pembrolizumab in Early 
Triple-Negative Breast Cancer (KN 552)

Citation: N Engl J Med 2022; 386:556-567
Author: Peter Schmid
BACKGROUND: The addition of pembrolizumab to 
neoadjuvant chemotherapy led to a significantlyhigher 
percentage of patients with early triple-negative breast cancer 
havinga pathological complete response (defined as no 
invasive cancer in the breast andnegative nodes) at definitive 
surgery in an earlier analysis of this phase 3 trial ofneoadjuvant 
and adjuvant therapy. The primary results regarding event-free 
survivalin this trial have not been reported.
METHODS: We randomly assigned, in a 2:1 ratio, patients with 
previously untreated stage IIor III triple-negative breast cancer 

CONCLUSIONS: Improvement in pCR with the addition of 
carboplatin was associated with long-term EFS benefit with a 
manageable safety profile, and without increasing the risk of 
second malignancies, whereas adding veliparib did not impact 
EFS. These findings support the addition of carboplatin to 
weekly paclitaxel followed by doxorubicin and 
cyclophosphamide neoadjuvant chemotherapy for early-stage 
TNBC.
KEY WORDS:  carboplatin, veliparib, neoadjuvant 
chemotherapy, triple-negative breast cancer, phase III
Moment of truth-adding carboplatin to neoadjuvant/adjuvant 
chemotherapy in triple negative breast cancer improves overall 
survival: An individual participant data and trial-level 
Meta-analysis

Citation: Breast. 2022 Aug;64:7-18.
Author: Neha Pathak
IMPORTANCE: Carboplatin increases the pathological 
complete remission (pCR) rate in triple negative breast cancer 
(TNBC) when added to neoadjuvant chemotherapy, however, 
evidence on its effect on survival outcomes is controversial. 
METHODS: The study was prospectively registered at 
PROSPERO (CRD42021228386). We systematically searched 
PubMed, Embase, Cochrane Central Register of Clinical Trials, 
and conference proceedings from January 1, 2004 to January 
30, 2022 for relevant randomized clinical trials (RCTs) of (neo) 
adjuvant chemotherapy in TNBC patients, with carboplatin in 
the intervention arm and standard anthracycline taxane (AT) in 
the control arm. PRISMA guidelines were used for this review. 
Data were pooled using fixed and random effects models as 

appropriate on extracted hazard ratios (HR). Individual patient 
data (IPD)for disease free survival (DFS) and overall survival 
(OS) were extracted from published survival curves of included 
RCTs; DFS and OS curves for each trial and the combined 
population were reconstructed, and HR estimated. The 
primary outcome was DFS; OS, pCR, and toxicity were 
secondary outcomes. 
RESULTS: Eight trials with 2425 patients were included. 
Carboplatin improved DFS (HR 0.60; 95% CI 0.47 to 0.78; I2 45%, 
p <0.001) compared with AT at trial level and IPD level (HR 0.66; 
95%CI, 0.55 to 0.80, p <0.001) analysis. The OS also improved 
with carboplatin at both trial level (HR 0.69, 95%CI 0.50 to 0.95, 
I2 41%, p = 0.02) and IPD level (HR 0.68; 95%CI, 0.54 to 0.87, p = 
0.002) analysis. The pCR as expected, was better in the 
carboplatin arm (OR 2.11; 95% CI = 1.44–3.08; I2 67%, p = 0.009). 
Anaemia and thrombocytopaenia were higher in the 
carboplatin arm. 
CONCLUSION AND RELEVANCE: Carboplatin added to 
(neo)adjuvant chemotherapy in TNBC improves survival, as 
shown in both trial level and IPD analysis. 
ABBREVIATIONS: ASCO, American Society of Clinical Oncology; 
AT, anthracycline-taxane; DFS, disease free survival; ESMO, 
European Society of Medical Oncology; EFS, event free survival; 
HR, hazard ratio; OR, Odds ratio; OS, overall survival; pCR, 
pathological complete remission; PFS, Progression free 
survival; PRISMA, Preferred items for Systematic Review and 
Meta-analysis; RCT, randomized controlled trial; RFS, relapse 
free survival; SABCS, San Antonio Breast Cancer Symposium; 
SOC, standard of care; TNBC, triple negative breast cancer. * 
Corresponding author.

Addition of platinum to sequential taxane-anthracycline 
neoadjuvant chemotherapy in patients with triple-negative 
breast cancer: A phase III randomized controlled trial

Citation: SABCS : GS5-01
Author: Gupta S.
BACKGROUND: Despite several studies, the impact of adding 
platinum on long-term outcomes in triple-negative breast 
cancer (TNBC) has not been definitively established. We 
conducted a single-centre randomized phase III trial to 
evaluate the efficacy and toxicity of adding platinum to 
standard neoadjuvant chemotherapy in these patients.
METHODS: Patients with histopathological diagnosis of TNBC 
without evidence of distant metastases who were planned to 
be treated with neoadjuvant chemotherapy (NACT) were 
randomized to experimental or control arms after stratification 
by menopausal status (premenopausal or perimenopausal, 
and postmenopausal) and stage [operable breast cancer (OBC, 
clinical T1-3, N0-1, M0), and locally advanced breast cancer 
(LABC, cT4 or N2-3, M0)]. NACT in control arm included 
paclitaxel 100 mg/m2 once per week for 8 weeks followed by 
doxorubicin (60 mg/m2) or epirubicin (90 mg/m2) plus 
cyclophosphamide (600 mg/m2) once every 21 days for 4 cycles 
while in experimental arm carboplatin (area-under-curve 2) 
was added once per week for 8 weeks with paclitaxel. After 
NACT patients received standard surgery for primary tumor 
and axillary lymph nodes (LN) followed by radiotherapy. The 
primary endpoint was disease-free survival (DFS) and the 
secondary endpoints were overall survival (OS), pathological 
complete response (pCR, absence of invasive cancer from 
breast and LN), and toxicity.

RESULTS: Between April 2010 and January 2020, 720 (355 
control, 365 experimental) patients with a median age of 46 
(25-69) years [ < 50 years, 502 (69.7%), premenopausal 418 
(58.2%)], were included in the study, of whom 285 (39.6%) had 
OBC and 435 (60.4%) had LABC, with a median clinical tumor 
size of 6.0 (1.2- 20.0) cm. At a median follow-up of 67.6 
(18.9-142.2) months, in the experimental and control arms, the 
5-year DFS were 70.6% (95% CI 65.7-75.5%) and 64.5% (95% CI 
59.4-69.6%), respectively (HR 0.79, 95% CI 0.61-1.02, p=0.073), 
5-year OS were 74.0 (95% CI 69.3-78.7%) and 66.7% (95% CI 
61.6-71.8%), respectively (HR 0.75, 95% CI 0.57-0.98, p=0.034), and 
pCR were 55.2% (95% CI 49.7-69.5%) and 41.5% (95% CI 
36.2-47.0%), respectively (p=0.0004). In subgroup analyses, the 
benefit of carboplatin was confined to patient’s < 50 years, with 
significant interaction between treatment and age. In women 
< 50 years of age, in experimental versus control arms, 5-year 
DFS and OS were 74.5% vs 62.3% (p=0.003, interaction p=0.003) 
and 76.8% vs 65.7% (p=0.003, interaction p=0.004), respectively. 
Addition of carboplatin had a significant beneficial impact on 
OS after adjusting for baseline clinical tumor size and age in a 
Cox model (HR 0.75, 95% CI 0.58-0.98, p=0.038). In experimental 
and control arms, numbers of patients with any grade >/=3 
toxicity were 140 (38.5%) and 107/355 (30.14%), respectively, 
(p=0.02), grade >/=3 neutropenia were 2/364 (0.55%) and 1/355 
(0.28%), respectively, grade >/=3 thrombocytopenia were 1/364 
(0.27%) and 0 (0%), respectively, and febrile neutropenia were 
26/364 (7.14%%) and 18/355 (5.07%), respectively (p=0.25).
CONCLUSIONS: This study, to our knowledge the largest 
reported trial of neoadjuvant platinum in TNBC thus far, 
suggests that addition of carboplatin to sequential 

taxane-anthracycline neoadjuvant chemotherapy results in 
substantial and clinically meaningful improvement in 
disease-free and overall survival in young patients with TNBC 
and should be the standard of care in these patients.
Fluorouracil and dose-dense adjuvant chemotherapy in patients 
with early-stage breast cancer (GIM2): End-of-study results 
from a randomised, phase 3 trial

Citation: Lancet Oncol. 2022 Dec;23(12):1571-1582.
Author: Lucia Del Mastro
BACKGROUND: Previous analyses of the GIM (Gruppo Italiano 
Mammella) 2 study showed that addition of fluorouracil to 
epirubicin, cyclophosphamide, and paclitaxel in patients with 
node-positive early breast cancer does not improve outcome, 
whereas dose-dense chemotherapy induces a significant 
improvement in both disease-free survival and overall survival 
as compared with a standard schedule. Here, we present 
long-term results of the study. 
METHODS: In this 2 × 2 factorial, open-label, randomised, phase 
3 trial, we enrolled patients aged 18–70 years with operable, 
node-positive, breast cancer with Eastern Cooperative 
Oncology Group performance status of 0–1 from 81 hospitals in 
Italy. Eligible patients were randomly allocated (1:1:1:1) to one of 
the four following study groups: four cycles of standard-interval 
intravenous EC (epirubicin 90 mg/m² and cyclophosphamide 
600 mg/m²) on day 1 every 3 weeks, followed by four cycles of 
intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3EC-P group); four cycles of intravenous FEC (fluorouracil 600 
mg/m², epirubicin 90 mg/m², and cyclophosphamide 600 
mg/m²) on day 1 every 3 weeks, followed by four cycles of 

intravenous paclitaxel (175 mg/m²) on day 1 every 3 weeks 
(q3FEC-P group); dose-dense EC-P regimen, with the same 
doses and drugs as the q3EC-P group but administered every 2 
weeks (q2EC-P group); and the dose-dense FEC-P regimen, 
with the same doses and drugs as the q3FEC-P group but 
given every 2 weeks (q2FEC-P). Randomisation, with 
stratification by centre, with permuted blocks of size 12, was 
done with a centralised, interactive, internet-based system that 
randomly generated the treatment allocation. The primary 
endpoint was disease-free survival in the intention-to-treat 
population, comparing different chemotherapy schedule 
(dose-dense vs standard-dose intervals) and regimen (FEC-P vs 
EC-P). Safety population included all patients that received at 
least one dose of any study drug according to the treatment 
received. This trial is registered with ClinicalTrials.gov, 
NCT00433420, and is now closed.
FINDINGS: Between April 24, 2003, and July 3, 2006, 2091 
patients were randomly assigned to treatment: 545 to q3EC-P, 
544 to q3FEC-P, 502 to q2EC-P, and 500 to q2FEC-P. 88 
patients were enrolled in centres providing only standard 
interval schedule and were assigned only to q3FEC-P and 
q3EC-P; thus, 2091 patients were included in the 
intention-to-treat analysis for the comparison of EC-P (1047 
patients) versus FEC-P (1044 patients) and 2003 patients were 
included in the intention-to-treat analysis for the comparison 
of dose-dense (1002 patients) versus standard interval analysis 
(1001 patients). After a median follow-up of 15•1 years (IQR 
8•4–16•3), median disease-free survival was not significantly 
different between FEC-P and EC-P groups (17•09 years [95% CI 
15•51–not reached] vs not reached [17•54–not reached]; 

unadjusted hazard ratio 1•12 [95% CI 0•98–1•29]; log-rank p=0•11). 
Median disease-free survival was significantly higher in the 
dose-dense interval group than the standard-interval group 
(not reached [95% CI 17•45–not reached] vs 16•52 [14•24–17•54]; 
0•77 [95% CI 0•67–0•89]; p=0•0004). The most common grade 
3–4 adverse events were neutropenia (200 [37%] of 536 patients 
in the q3EC-P group vs 257 [48%] of 533 in the q3FEC-P group 
vs 50 [10%] of 496 q2EC-P vs 97 [20%] of 492) and alopecia (238 
[44%] vs 249 [47%] vs 228 [46%] vs 235 [48%]). During extended 
follow-up, no further grade 3–4 adverse events or deaths 
related to toxic-effects were reported. Treatment-related 
serious adverse events were reported in nine (2%) patients in 
the q3EC-P group, seven (1%) in the q3FEC-P group, nine (2%) in 
the q2EC-P group, and nine (2%) in the q2FEC-P group. No 
treatment-related deaths occurred.
INTERPRETATION: Updated results from the GIM2 study 
support that optimal adjuvant chemotherapy for patients with 
high-risk early breast cancer should not include fluorouracil 
and should use a dose-dense schedule.
Dose-dense adjuvant chemotherapy in early-stage breast 
cancer patients: End-of-study results from a randomised, phase 
III trial of the Gruppo Italiano Mammella (GIM)

Citation: ESMO Congress 1340
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BACKGROUND: The GIM 2 trial compared in a 2x2 factorial 
design the dose dense (DD, every 2 weeks) schedule to the 
standard interval one (every 3 weeks) and the addition of 
fluorouracil (F) to epirubicin-cyclophosphamide (EC) and 
paclitaxel (P) as adjuvant chemotherapy for node-positive 

breast cancer. In the primary analysis (Del Mastro, Lancet 2015), 
disease-free survival (DFS) and overall survival (OS) were 
significantly improved with the DD schedule, while no benefit 
was observed with the addition of F. Here, we report the 
end-of-study analysis.
METHODS: This was an open-label, phase III trial, done in 81 
Italian centres. Node-positive breast cancer patients were 
randomly allocated 1:1:1:1 to receive either EC-P or FEC-P DD or 
standard-interval EC-P or FEC-P The primary endpoint was 
DFS, comparing FEC-P vs. EC-P, and DD vs. standard-interval 
schedule. Secondary end points included OS and safety.
RESULTS: 2091 patients were randomized; 88 patients were 
enrolled in centres providing only standard-intensity schedule. 
After a median follow-up of 15.11 years (IQR 8.40-16.33), 343 of 
1002 patients (34.2%) and 409 of 1001 patients (40.9%) in the DD 
and control arm experienced a DFS event, with 15-year DFS of 
61% (95% CI 58-64) and 52% (95%CI 49-56), respectively (Hazard 
Ratio [HR] 0.77, 95% CI 0.67-0.89; p<0.001). 197 (19.7%) and 254 
(25.4%) OS events were registered, with 15-years OS of 76% 
(95%CI 73-79) and 69% (95%CI 65-72) in the DD and control arm, 
respectively (HR 0.72, 95%CI 0.60-0.86, p<0.001). Addition of F 
did not significantly improve DFS (HR 1.12, 95%CI 0.98-1.29, p= 
0.11) and OS (HR 1.13, 95%CI 0.94-1.36, p=0.18).
In hormone receptor-positive (N=1611), 15-years OS was 76% 
(95% CI 72-79) with the DD and 71% (95% CI 67-74) with the 
standard schedule. For hormone receptor-negative (N=335), 
15-years OS was 76% (95%CI 69-83) with the DD and 63% (95%CI 
55-71) with the standard schedule. Four cases of 
myelodysplasia/leukaemia were observed.

CONCLUSIONS: The final analysis confirmed an improved DFS 
and OS with the use of DD as compared with the standard 
schedule. The DD should be considered the standard adjuvant 
schedule for node-positive breast cancer patients.
Pre-specified event driven analysis of overall survival (OS) in the 
Olympia Phase III trial of adjuvant olaparib (OL) in germline 
BRCA1/2 mutation (GBRCAM) associated breast cancer
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BACKGROUND: OlympiA is the first phase III randomised 
clinical trial (RCT) testing a PARP inhibitor as adjuvant therapy. 
At the first event driven interim analysis [Data CutOff 1 (DCO1), 
27/03/ 20; median follow up (MFU) 2.5 years] OL significantly 
improved the primary endpoint of invasive disease-free 
survival (IDFS) and secondary endpoint of distant DFS (DDFS) 
compared with placebo (PL) [both p<0.001]. OS did not cross 
the pre-specified boundary (p<0.01) (Tutt et al NEJM 2021). The 
second pre-specified analysis of OS andupdated IDFS, DDFS 
and safety descriptive analyses wasplanned after 330 IDFS 
events [DCO2 12/07/21; MFU 3.5years].
METHODS: From 6/14-5/19 this double-blind RCT coordinated 
by BIGand sponsored by AstraZeneca/NRG randomised 1836 
patients(pts) with gBRCAm HER2-negative high-risk EBC 
after(neo)adjuvant chemotherapy ([N]ACT) 1:1 to one year 
ofcontinuous oral OL (300 mg BID) or PL. The boundary for 
a2-sided significance test of the OS hazard ratio (HR) wasp< 
0.015. Baseline pt and tumour characteristics werebalanced as 
previously reported.

RESULTS: OL significantly improved OS vs PL with HR 0.68; 
(98.5.% CI0.47, 0.97; P ¼ 0.009) crossing the significance 
boundarywith additional events at DCO2. Total deaths 75/921 
and109/915 in pts assigned to OL and PL, respectively; 4-yr 
OS%89.8% vs 86.4% (diff. 3.4%; 95% CI -0.1%, 6.8%). 
Improvementsin IDFS and DDFS were sustained with similar 
effectsize: IDFS HR 0.63 (95% CI 0.50, 0.78), 4-yr IDFS 82.7% 
vs75.4% (diff. 7.3%; 95% CI 3.0%, 11.5%). DDFS HR 0.61; 95%CI 0.48, 
0.77); 4-yr DDFS 86.5% vs 79.1% (diff. 7.4%; 95% CI 3.6%, 11.3%). OL 
benefit was consistent across all subgroups,including 
hormone-receptorþ (all HR <1.0). AEs remained consistent with 
OL’s safety profile. G3þ AEs in>1% of OL pts were anaemia 
(8.7%), neutropaenia (4.9%),leukopaenia (3.0%), fatigue (1.8%) 
and lymphocytopaenia(1.3%). SAEs and previously specified 
AESI were notincreased by OL. No new cases or excess of MDS 
or AMLwere reported for OL.
CONCLUSIONS: In pts with gBRCAm and high-risk 
HER2-negative EBC after[N]ACT, at 3.5 years MFU, adjuvant 
olaparib significantlyimproved OS, as well as IDFS and DDFS, 
with acceptabletoxicity and no evidence of excess MDS or AML.
Pembrolizumab plus Chemotherapy in Advanced 
Triple-Negative Breast Cancer

Citation: N Engl J Med. 2022 Jul 21;387(3):217-226.
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BACKGROUND: In an interim analysis of this phase 3 trial, the 
addition of pembrolizumab to chemotherapy resulted in 
longer progression-free survival than chemotherapy alone 
among patients with advanced triple-negative breast cancer 
whose tumors expressed programmed death ligand 1 (PD-L1) 

with a combined positive score (CPS; the number of 
PD-L1–staining tumor cells, lymphocytes, and macrophages, 
divided by the total number of viable tumor cells, multiplied by 
100) of 10 or more. The results of the final analysis of overall 
survival have not been reported.
METHODS: We randomly assigned patients with previously 
untreated locally recurrent inoper- able or metastatic 
triple-negative breast cancer in a 2:1 ratio to receive 
pembrolizu- mab (200 mg) every 3 weeks plus the 
investigator’s choice of chemotherapy (nanoparticle 
albumin-bound paclitaxel, paclitaxel, or 
gemcitabine–carboplatin) or placebo plus chemotherapy. The 
primary end points were progression-free sur- vival (reported 
previously) and overall survival among patients whose tumors 
ex- pressed PD-L1 with a CPS of 10 or more (the CPS-10 
subgroup), among patients whose tumors expressed PD-L1 
with a CPS of 1 or more (the CPS-1 subgroup), and in the 
intention-to-treat population. Safety was also assessed. 
RESULTS: A total of 847 patients underwent randomization: 566 
were assigned to the pem- brolizumab–chemotherapy group, 
and 281 to the placebo–chemotherapy group. The median 
follow-up was 44.1 months. In the CPS-10 subgroup, the 
median overall survival was 23.0 months in the 
pembrolizumab–chemotherapy group and 16.1 months in the 
placebo–chemotherapy group (hazard ratio for death, 0.73; 95% 
confidence interval [CI], 0.55 to 0.95; two-sided P = 0.0185 
[criterion for sig- nificance met]); in the CPS-1 subgroup, the 
median overall survival was 17.6 and 16.0 months in the two 
groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to 1.04; 
two-sided P = 0.1125 [not significant]); and in the 

intention-to-treat popula- tion, the median overall survival was 
17.2 and 15.5 months, respectively (hazard ratio, 0.89; 95% CI, 
0.76 to 1.05 [significance not tested]). Adverse events of grade 3, 
4, or 5 that were related to the trial regimen occurred in 68.1% 
of the patients in the pembrolizumab–chemotherapy group 
and in 66.9% in the placebo–chemo- therapy group, including 
death in 0.4% of the patients in the pembrolizumab–che- 
motherapy group and in no patients in the 
placebo–chemotherapy group. 
CONCLUSIONS: Among patients with advanced triple-negative 
breast cancer whose tumors ex- pressed PD-L1 with a CPS of 10 
or more, the addition of pembrolizumab to che- motherapy 
resulted in significantly longer overall survival than 
chemotherapy alone. (Funded by Merck Sharp and Dohme; 
KEYNOTE-355 ClinicalTrials.gov number, NCT02819518.)
Health-Related Quality of Life (HRQoL) With Pembrolizumab 
(pembro) + Chemotherapy-(chemo) vs Placebo (pbo) + Chemo as 
1L Treatment for Advanced Triple-Negative Breast Cancer 
(TNBC): Results From KEYNOTE-355
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Background: KEYNOTE-355 (NCT02819518) evaluated pembro + 
chemo vs pbo + chemo in previously untreated patients (pts) 
with locally recurrent inoperable or metastatic TNBC. Pembro 
+ chemo improved the PFS and OS in pts with PD-L1 combined 
positive score (CPS) ≥10 disease. We present results for 
patient-reported outcome (PRO) measures among pts with 
PD-L1 CPS ≥10.

Methods: Pts were randomized 2:1 to pembro 200 mg or pbo 
Q3W for up to 35 cycles + chemo (investigator’s choice of 
nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin). 
QLQ-C30 (including global health status/quality of life 
[GHS/QoL]) and physical and emotional functioning scales), 
QLQ-BR23, and EQ-5D visual analogue scale (VAS) were 
prespecified. PROs were assessed at baseline, during 
treatment, and the 30-day safety follow-up visit and analyzed 
for pts who received ≥1 dose of study treatment and completed 
≥1 PRO assessment. Change in PRO scores from baseline were 
assessed at wk 15 (latest timepoint at which 
completion/compliance rates were ≥60%/≥80%; negative 
values favor the pembrolizumab group). Time to deterioration 
(TTD) in PROs was defined as time to first onset of ≥10-point 
worsening in score from baseline.
Results: These PRO analyses included 317 pts with PD-L1 CPS ≥
10 (pembro + chemo; n = 217; pbo + chemo, n = 100). 
Completion/compliance at wk 15 was 77.0%/87.0% with pembro 
+ chemo and 70.0%/81.4% with pbo + chemo. There were no 
between-group differences in change from baseline to wk 15 in 
the QLQ-C30 GHS/QoL, emotional functioning, physical 
functioning, or the EQ-5D VAS scale scores, and no 
between-group difference in TTD in QLQ-C30 GHS/QoL, 
emotional functioning, or physical functioning (Table). 
Analyses by QLQ-BR23 showed no decrease in HRQoL with 
pembro + chemo vs pbo + chemo.

METHODS: We conducted an electronic international survey of 
medical oncologists who treat patients with breast and/or 
gastrointestinal cancers. Survey questions addressed 
experiences with, and attitudes toward, dose
reduction at initiation (DRI) of a new systemic therapy for 
patients with metastatic cancer.
RESULTS: Among 3,099 eligible oncologists, 367 responded 
(response rate 12%). Most (52%) reported using DRI at least 10% 
of the time to minimize toxicities. Gastrointestinal specialists 
were more likely to report DRI $ 10% of the time (72% v 50% of 
generalists and 51% of breast specialists, P , .005). Of those who 
dose reduced $ 10% of the time, 89% reported discussing 
potential tradeoffs between efficacy and toxicity with patients. 
Overall, 65% agreed it is acceptable to lower starting doses to 
reduce side effects even if it compromises efficacy; younger 
clinicians were more likely to agree (P , .005). There was strong 
support (89%) for future trials to determine optimal effective, 
rather than maximum tolerated, dose.
CONCLUSION: Oncology practice varies with regard to 
discussion and individualized selection of starting doses in the 
metastatic setting. This study demonstrates a need for 
consideration of shared decision making regarding initial dose 
selection and strong support among oncologists for clinical 
studies to define optimal dosing and best practices for 
individualizing care.
Adjuvant Capecitabine for Early Breast Cancer: 15-Year Overall 
Survival Results From a Randomized Trial

Citation: Journal of Clinical Oncology 40, no. 10 (April 01, 2022) 
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PURPOSE:  Few data are available regarding the influence of 
adjuvant capecitabine on long-term survival of patients with 
early breast cancer.
METHODS: The Finland Capecitabine Trial (FinXX) is a 
randomized, open-label, multicenter trial that evaluates 
integration of capecitabine to an adjuvant chemotherapy 
regimen containing a taxane and an anthracycline for the 
treatment of early breast cancer. Between January 27, 2004, 
and May 29, 2007, 1,500 patients with axillary node-positive or 
high-risk node-negative early breast cancer were accrued. The 
patients were randomly allocated to either TX-CEX, consisting 
of three cycles of docetaxel (T) plus capecitabine (X) followed by 
three cycles of cyclophosphamide, epirubicin, and 
capecitabine (CEX, 753 patients), or to T-CEF, consisting of 
three cycles of docetaxel followed by three cycles of 
cyclophosphamide, epirubicin, and fluorouracil (CEF, 747 
patients). We performed a protocol-scheduled analysis of 
overall survival on the basis of approximately 15-year follow-up 
of the patients.
RESULTS: The data collection was locked on December 31, 2020. 
By this date, the median follow-up time of the patients alive 
was 15.3 years (interquartile range, 14.5-16.1 years) in the TX-CEX 
group and 15.4 years (interquartile range, 14.8-16.0 years) in the 
T-CEF group. Patients assigned to TX-CEX survived longer than
those assigned to T-CEF (hazard ratio 0.81; 95% CI, 0.66 to 0.99; 
P 5 .037). The 15-year survival rate was 77.6% in the TX-CEX 
group and 73.3% in the T-CEF group. In exploratory subgroup 
analyses, patients with estrogen receptor–negative cancer and 
those with triple-negative cancer treated with TX-CEX tended 
to live longer than those treated with T-CEF.

CONCLUSION:  Addition of capecitabine to a chemotherapy 
regimen that contained docetaxel, epirubicin, and
cyclophosphamide prolonged the survival of patients with 
early breast cancer.
Effect of Denosumab Added to 2 Different nab-Paclitaxel 
Regimens as Neoadjuvant Therapy in Patients With Primary 
Breast Cancer: The GeparX 2 × 2 Randomized Clinical Trial
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IMPORTANCE: Adjuvant denosumab might improve 
disease-free survival in hormone receptor (HR)–positive 
primary breast cancer (BC). The optimal neoadjuvant 
nab-paclitaxel schedule in terms of efficacy and safety is 
unclear.
OBJECTIVE: To determine whether adding denosumab to 
anthracycline/taxane-containing neoadjuvant chemotherapy 
(NACT) increases the pathological complete response (pCR) 
rate and which nab-paclitaxel schedule is more effective in the 
NACT setting.
DESIGN, SETTING, AND PARTICIPANTS: The GeparX was a 
multicenter, prospective, open-label, phase 2b, 2 × 2 
randomized clinical trial conducted by GBG and AGO-B at 38 
German sites between February 2017 and March 2019. The 
analysis data set was locked September 4, 2020; analysis was 
completed November 13, 2020. Patients had unilateral or 
bilateral primary BC, stage cT2-cT4a-d or cT1c, with either 
clinically node-positive or pathologically node-positive or 
HR-negative disease, or Ki-67 proliferation index greater than 
20%, or ERBB2 (formerly HER2)–positive BC.

INTERVENTIONS: Patients were randomized to receive or not 
receive denosumab, 120 mg subcutaneously every 4 weeks for 
6 cycles, and either nab-paclitaxel, 125 mg/m2 weekly for 12 
weeks or days 1 and 8 every 3 weeks for 4 cycles (8 doses), 
followed by 4 cycles of epirubicin/cyclophosphamide, 90/600 
mg/m2 (every 2 weeks or every 3 weeks). Carboplatin was given 
in triple-negative BC (TNBC), and trastuzumab biosimilar 
ABP980 plus pertuzumab was given in ERBB2-positive BC 
(ERBB2-positive substudy). 
MAIN OUTCOMES AND MEASURES: The primary outcome was 
pCR rates between arms for each randomization.
RESULTS: A total of 780 female (n = 779) and male (n = 1) 
patients (median [range] age, 49.0 [22-80] years) were 
randomized to the 4 treatment groups. The pCR (ypT0 ypN0) 
rate was 41.0% (90% CI, 37%-45%) with denosumab vs 42.8% 
(90% CI, 39%-47%) (P = .58) without denosumab, irrespective of 
BC subtype. Nab-paclitaxel weekly resulted in a significantly 
(significance level of α = .10) higher pCR rate of 44.9% (90% CI, 
41%-49%) vs 39.0% (90% CI, 35%-43%) (P = .06) with 
nab-paclitaxel days 1 and 8 every 3 weeks. The pCR rates for 
nab-paclitaxel schedules in subgroups were only significantly 
different for TNBC (60.4% vs 50.0%; P = .06). Grade 3 to 4 toxic 
effects did not differ with or without denosumab. 
Nonhematologic toxic effects of grade 3 to 4 were higher with 
nab-paclitaxel weekly (33.7% vs 24.1%; P = .004).
CONCLUSIONS AND RELEVANCE: In this randomized clinical 
trial, denosumab added to anthracycline/taxane-based NACT 
did not improve pCR rates. Nab-paclitaxel at a dosage of 125 
mg/m2 weekly significantly increased the pCR rate compared 

with the days 1 and 8, every-3-weeks schedule overall and in 
TNBC, but generated higher toxicity.
Concurrent Olaparib and Radiotherapy in Patients With 
Triple-Negative Breast Cancer: The Phase 1 Olaparib and 
Radiation Therapy for Triple-Negative Breast Cancer Trial
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IMPORTANCE: Triple-negative breast cancer (TNBC) cells are 
sensitive to poly(adenosine diphosphate ribose) polymerase 
(PARP) inhibitors used as radiosensitizers. Whether combining 
PARP inhibitors with radiotherapy in patients with TNBC would 
enhance the biological effectiveness of the irradiation and 
improve locoregional control is unclear.
OBJECTIVE: To assess the safety and tolerability of PARP 
inhibition with olaparib used concurrently with radiotherapy in 
patients with TNBC with residual disease after neoadjuvant 
chemotherapy.
DESIGN, SETTING, AND PARTICIPANTS: This phase 1 prospective 
dose-escalation trial (Olaparib and Radiation Therapy for TNBC 
[RadioPARP] trial) using a time-to-event continual 
reassessment method was performed from September 2017 to 
November 2019, with follow-up until November 2021. 
Participants had an incomplete pathologic response after 
neoadjuvantchemotherapy or unresectable TNBC despite 
previous neoadjuvant chemotherapy, an Eastern Cooperative 
OncologyGroup Performance Status score of 0 or 1, and 
adequate organ functions.

INTERVENTIONS: Olaparib was administered orally in the form 
of tablets and given at increasing doses (50 mg, 100 mg, 150 
mg, or 200 mg twice daily). Olaparib therapy was started 1 week 
before radiotherapy and was continued concomitantly with 
radiotherapy. After breast-conserving surgery, a total dose of 
50.4 Gy was delivered to the whole breast, with a 63-Gy 
simultaneously integrated boost to the tumor bed for patients 
younger than 60 years. After radicalmastectomy or for 
unresectable tumors despite neoadjuvant chemotherapy, a 
total dose of 50.0 Gy was delivered tothe chest wall (after 
mastectomy) or to the whole breast (for unresectable tumors). 
Regional lymph node stations could be treated with a total 
dose of 50.0 Gy to 50.4 Gy in cases of node-positive disease.
MAIN OUTCOMES AND MEASURES: Main outcomes were the 
safety and tolerability of PARP inhibition with radiotherapy for 
early-stage, high-risk TNBC. Secondary outcomes included 
overall survival (OS) and event-free survival (EFS).
RESULTS: Among the 24 patients included in the trial (100% 
female; median age, 46 years [range, 25-74 years]), no 
dose-limiting toxic effects were observed, and olaparib was 
escalated to 200 mg twice daily without reaching the 
maximum tolerated dose. No late treatment-related grade 3 or 
greater toxic effect was observed, and the maximum observed 
treatment-related toxic effects at the 2-year follow-up were 
grade 2 breast pain, fibrosis, and deformity in 1 patient (4.2%). 
Three-year OS and EFS were 83% (95% CI, 70%-100%) and 65% 
(95% CI, 48%-88%), respectively. Homologous recombination 
status was not associated with OS or EFS.

CONCLUSIONS AND RELEVANCE: The findings of this phase 1 
dose-escalation trial suggest that PARP inhibition with 
olaparib concurrently with radiotherapy for early-stage, 
high-risk TNBC is well tolerated and should continue to be 
evaluated in further clinical trials.
Veliparib monotherapy following carboplatin /paclitaxel plus 
veliparib combination therapy in patients with germline 
BRCA-associated advanced breast cancer: Results of 
exploratory analyses from the phase III BROCADE3 trial

Citation: Ann Oncol. 2022 Mar;33(3):299-309 .
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BACKGROUND: In the BROCADE3 trial, addition of the 
poly(ADP-ribose) polymerase inhibitor, veliparib, to 
carboplatin/paclitaxel improved progression-free survival (PFS) 
(hazard ratio 0.71, 95% confidence interval 0.57-0.88; P ¼ 
0.002)in patients with advanced human epidermal growth 
factor receptor 2-negative, germline BRCA1/2-mutated 
breastcancer. A subset of patients discontinued both 
carboplatin and paclitaxel before progression and continued 
on veliparib/placebo maintenance monotherapy until 
progression. Analyses in this patient subgroup are reported.
PATIENTS AND METHODS: Patients were randomized 2 : 1 to 
veliparib plus carboplatin/paclitaxel or placebo plus 
carboplatin/paclitaxel. Veliparib (120 mg twice daily) or placebo 
was given on days _2 to 5, carboplatin (area under the curve 6 
mg/ml) on day 1, and paclitaxel (80 mg/m2) on days 1, 8, and 15 
of 21-day cycles. Patients who discontinued both carboplatin 
and paclitaxel before progression received blinded study drug 
monotherapy at an increased dose of 300-400 mg twice daily 

continuously. PFS was the primary endpoint. Exploratory 
analyses were carried out in the subgroup of patients who 
received blinded study drug as monotherapy. A time-varying 
Cox model including data from all patients was also used to 
evaluate treatment effect in the combination and 
monotherapy phases.
RESULTS: A total of 136 of 337 patients randomized to veliparib 
plus carboplatin/paclitaxel and 58/172 patients randomized to 
placebo plus carboplatin / paclitaxel discontinued both 
carboplatin and paclitaxel before progression and continued 
on blinded veliparib or placebo monotherapy. In this blinded 
monotherapy subgroup, investigator assessed median PFS 
from randomization was 25.7 months with veliparib versus 14.6 
months with placebo. Hazardratios from a time-varying Cox 
model favored veliparib during both combination therapy and 
monotherapy. Any grade adverse events occurring in the 
monotherapy phase were primarily gastrointestinal. The most 
common grade_3 adverse events were neutropenia and 
anemia (4% each with veliparib; 5% and 2%, respectively, with 
placebo).
CONCLUSIONS: Veliparib maintenance monotherapy had a 
tolerable safety profile and may extend PFS following
combination chemotherapy.
KEY WORDS: veliparib, PARP inhibitor, BROCADE3, BRCA, 
metastatic breast cancer
Treatment With Etirinotecan Pegol for Patients With Metastatic 
Breast Cancer and Brain Metastases: Final Results From the 
Phase 3 ATTAIN Randomized Clinical Trial
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IMPORTANCE: Patients with breast cancer and brain 
metastases (BM) have a poor prognosis and high clinical need 
for novel treatments; however, historically, studies have often 
excluded these patients. Although the BEACON study did not 
meet its primary end point, treatment with etirinotecan pegol 
vs chemotherapy of the physician’s choice for patients with 
advanced breast cancer demonstrated a significant 
improvement in overall survival (OS) for the prespecified 
patient subgroup with preexisting, pretreated, and 
nonprogressive BM. 
OBJECTIVE: To compare clinical outcomes in patients with BM 
treated with etirinotecan pegol vs chemotherapy of the 
physician’s choice in a confirmatory trial. 
DESIGN, SETTING, AND PARTICIPANTS: This study was a phase 
3, open-label, randomized clinical trial (ATTAIN) in patients with 
metastatic breast cancer and a history of stable pretreated BM 
who experienced disease progression while receiving 
chemotherapy in the metastatic setting. The trial took place at 
47 sites in 10 countries, and patients were enrolled between 
March 7, 2017, and November 6, 2019.
INTERVENTIONS: Patients were randomized to receive 
irinotecan pegol, 145 mg/m2, every 21 days or chemotherapy 
(eribulin, ixabepilone, vinorelbine, gemcitabine, paclitaxel, 
docetaxel, or nab-paclitaxel).
MAIN OUTCOMES AND MEASURES: The primary end point 
was OS. Key secondary end points included progression-free 
survival, objective response rate, duration of response, and the 
clinical benefit rate.

RESULTS: A total of 178 female patients (9 [5.1%] Asian, 8 [4.5%] 
Black or African American, and 123 [69.1] White individuals) 
were randomized to receive treatment with etirinotecan pegol 
(92 [51.7%]; median [range] age, 53 [27-79] years) or 
chemotherapy (86 [48.3%]; median [range] age, 52 [24-77] 
years). Median OS was similar in both groups (etirinotecan 
pegol, 7.8 months; chemotherapy, 7.5 months; hazard ratio 
[HR], 0.90; 95% CI, 0.61-1.33; P = .60). Median progression-free 
survival for non–central nervous system metastases per 
blinded independent central review for etirinotecan pegol vs 
chemotherapy was 2.8 and 1.9 months (HR, 0.72; 95% CI, 
0.45-1.16; P = .18) and 3.9 vs 3.3 months, respectively, for central 
nervous system metastases (HR, 0.59; 95% CI, 0.33-1.05; P = .07). 
Safety profiles between the groups were largely comparable.
CONCLUSIONS AND RELEVANCE: The results of the ATTAIN 
randomized clinical trial found no statistically significant 
difference in outcomes between treatment with etirinotecan 
pegol and chemotherapy in patients with BM. However, this 
study represents one of the largest published trials dedicated 
to patients with breast cancer and BM and may help to inform 
further research.
Primary endpoint analysis of a randomized phase II of 
darolutamide or capecitabine in patients with triple-negative 
androgen receptor-positive advanced breast cancer 
(UCBG3-06 START trial)

Citation: ESMO Congress 213MO
Author: M. Arnedos

BACKGROUND: A subgroup of triple negative breast cancer 
(TNBC) expresses the androgen receptor (AR). In this trial we 
evaluated the efficacy and tolerability of the AR inhibitor 
darolutamide (D) or capecitabine (C) in patients (pts) with 
advanced AR-positive TNBC (NCT03383679).
Methods: Pts with centrally reviewed AR-positive (≥ 10% by 
immunohistochemistry) TNBC treated with up to one line of 
chemotherapy for advanced disease were eligible. They were 
randomized in a 2:1 ratio to receive D 600 mg twice daily or C 
1000 mg/m2 twice daily 2-weeks on/ 1-week off, until 
progression or unacceptable toxicity. Primary endpoint was 
clinical benefit rate (CBR) at 16 weeks and was assessed in the 
eligible population and in the sensitivity analysis population 
(pts with delayed tumour assessment performed in the 
context of COVID pandemic). Main secondary endpoints 
included objective response rate, overall survival, 
progression-free survival (PFS) and safety.
Results: A total of 254 pts from 45 centres were screened; 94 
pts were randomized (61 in D arm, 33 in C arm) from April 2018 
to July 2021. A clinical benefit was observed in D arm in 13 of 53 
evaluable pts (CBR at 16 weeks 24.5%; 95% CI: 12.9%-36.1%) 
including 2 PR and 1 CR and in C arm in 11 of 23 evaluable pts 
(CBR at 16 weeks 47.8%; 95% CI: 27.4%-68.2%). In the sensitivity 
analysis, a clinical benefit was observed in D arm in 17 of 58 
evaluable patients (CBR ≥ 16 weeks 29.3%; 95% CI: 17.6%-41.0%) 
and in C arm in 19 of 32 evaluable patients (CBR ≥ 16 weeks 
59.4%; 95% CI: 42.3%-76.4%). 7 pts presented with drug-related 
serious adverse events: 3 in D arm and 4 in C arm. In D arm, 
asthenia (26.7%), nausea (25%) and ASAT increase (21.7%) were 
the most common adverse events, the majority being grade 1 

or 2, similar to previous safety data. Median PFS were 1.8 
months (CI 95% 1.7-3.1) and 3.6 months (1.8-9.1) in D arm and C 
arm respectively. Other secondary endpoints will be presented 
at the meeting.
CONCLUSIONS: Despite not reaching the pre-specified CBR, 
darulotamide demonstrated clinical activity with significant 
benefit for a group of patients. A research program to identify 
predictive biomarkers of sensitivity is ongoing.

Conclusions: Addition of pembro to chemo did not result in a 
decrease in HRQoL in pts with previously untreated, 
PD-L1–positive (CPS ≥10) advanced, TNBC.
Oncologists' Perspectives on Individualizing Dose Selection for 
Patients With Metastatic Cancer

Citation: JCO OncolPract. 2022 Nov;18(11):e1807-e1817.
Author: Rachel B Jimenez
PURPOSE: Treatment goals for patients with metastatic cancer 
include prolongation and maintenance of quality of life. 
Patients and oncologists have questioned the current 
paradigm of initial dose selection for systemic therapy; 
however, data on oncologists’ dose selection strategies and 
beliefs are lacking.
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Circulating tumor DNA (ctDNA) and serum thymidine kinase 1 
activity (TKa) matched dynamics in patients (pts) with hormone 
receptor–positive (HR+), human epidermal growth factor 
2–negative (HER2-) advanced breast cancer (ABC) treated in 
first-line (1L) with ribociclib (RIB) and letrozole (LET) in the 
BioItaLEE trial.

Citation: ASCO 2022 Abstract 1012 
Author: Grazia Arpino
BACKGROUND: Independent early dynamic assessment 
(baseline [D0] and day 15 of first cycle [D15]) of both TKa and 
ctDNA was prognostic and predictive in pts with HR+, HER2− 
ABC treated with RIB+LET enrolled in the BioItaLEE trial 
(NCT03439046). Here we performed a combined analysis of 
these two biomarkers. 
METHODS: 287 pts were enrolled in the study. Overall, early 
dynamics were assessable for both biomarkers in 241/287 pts 
(84.0%). Methods applied for ctDNA and TKa evaluation were 
previously reported. For ctDNA, samples were defined as wild 
type (WT) if no mutations were observed at D0 and D15, ctDNA 
positive (+) if with or negative (-) if without a primary target 
mutation at D15. Samples were TKa+ or TKa- if TKa levels were 
above or below the limit of detection at D15. According to 
ctDNA and TKa pts were classified as: WT/TKa-, WT/TKa+, 
ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- and ctDNA+/TKa+ 
and then divided into 3 main study groups (GRs) WT/TKa- (GR1, 
n = 126), WT/TKa+, ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- 
(GR2, n = 96) and ctDNA+/TKa+ (GR3, n = 19). The association 

between biomarkers and PFS (progression-free survival) was 
estimated using Kaplan-Meier analysis and multivariate Cox 
models with 95% confidence intervals (CIs) adjusted for clinical 
variables. 
RESULTS: Median follow-up was 26.9 months. In multivariate 
Cox models both TKa dynamics and mutational tumor burden 
at D15 were independently predictive of PFS. Hazard ratios 
(HRs) were 0.37 (95% CI: 0.23-0.60; p < 0.0001) for WT vs ctDNA+ 
and 0.56 (95% CI: 0.32-1.00; p = 0.0506) for ctDNA- vs ctDNA+. 
For TKa, HR was 0.49 (95% CI: 0.30-0.80; p = 0.0040) in TKa- vs 
TKa+. Interestingly combining the two variables further 
improve prediction of outcome. HRs for TKa- vs TKa+ were 0.17 
(95% CI: 0.09-0.32; p < 0.0001), 0.28 (95% CI: 0.13-0.59; p = 0.0009) 
and 0.44 (95% CI: 0.23-0.86; p = 0.0169) in WT, ctDNA- and 
ctDNA+ pts, respectively. Considering the 3 study GRs, median 
PFSs (95% CI) were not reached (27.89, NE), 19.58 (13.83, 23.39) 
and 6.65 (2.83, 12.16) months in GR1, GR2 and GR3, respectively, 
p < 0.001. At multivariate Cox models, HRs of GR1 and GR2 
compared with GR3 were 0.17 (95% CI: 0.09-0.32; p < 0.0001) and 
0.37 (95% CI: 0.20-0.67; p = 0.001) respectively. 
CONCLUSIONS: These findings suggest that combining the 
early dynamic assessment of both ctDNA and TKa may 
improve outcome prediction in pts treated with RIB+LET. Pts 
with ctDNA+/TKa+ are strongly enriched for non-responders. 
TKa and ctDNA capture different features of tumor biological 
activity and their combination warrants further evaluation in 
relation to other treatments, settings, and diseases.

Circulating Tumor DNA and Late Recurrence in High-Risk 
Hormone Receptor-Positive, Human Epidermal Growth Factor 
Receptor 2-Negative Breast Cancer 

Citation: J ClinOncol. 2022 Aug 1;40(22):2408-2419. 
Author: Marla Lipsyc-Sharf
PURPOSE: To examine the prevalence and dynamics of 
circulating tumor DNA (ctDNA) and its association with 
metastatic recurrence in patients with high-risk early-stage 
hormone receptor-positive breast cancer (HR+ BC) more than 5 
years from diagnosis.
METHODS: We enrolled 103 patients with high-risk stage II-III 
HR+ BC diagnosed more than 5 years prior without clinical 
evidence of recurrence. We performed whole-exome 
sequencing (WES) on primary tumor tissue to identify somatic 
mutations tracked via a personalized, tumor-informed ctDNA 
test to detect minimal residual disease (MRD). We collected 
plasma at the time of consent and at routine visits every 6-12 
months. Patients were followed for clinical recurrence.
RESULTS: In total, 85 of 103 patients had sufficient tumor tissue; 
of them, 83 of 85 (97.6%) patients had successful whole-exome 
sequencing. Personalized ctDNA assays were designed 
targeting a median of 36 variants to test 219 plasma samples. 
The median time from diagnosis to first sample was 8.4 years. 
The median follow-up was 10.4 years from diagnosis and 2.0 
years from first sample. The median number of plasma 
samples per patient was two. Eight patients (10%) had positive 
MRD testing at any time point. Six patients (7.2%) developed 
distant metastatic recurrence, all of whom were MRD-positive 
before overt clinical recurrence, with median ctDNA lead time 

separately identified, and these cohorts were matched 1:3 with 
a RB1/PTEN negative population respectively, by age (+/- 5 
years), sex, year of cfDNA test, and line of therapy. Log-rank 
tests were used to assess differences in time to discontinuation 
(TTD) and time to next treatment (TTNT). 
RESULTS: Differences in the frequencies of certain alts 
detected in pts pre- and post-CDK4/6i or PI3Ki treatment are 
shown (Table). Pts with RB1 LOF alts prior to the start of 
CDK4/6i had significantly worse TTD and numerically worse 
TTNT versus controls (TTD = 3 mos vs 4.7 mos, p=0.018; TTNT = 
7.3 mos vs 8 mos, p=0.082). Pts with PTEN LOF alts prior to start 
of PI3Ki had no significant difference in TTD or TTNT versus 
controls (TTD = 4.1 mos vs 4.1 mos, p=0.92; TTNT = 7.4 mos vs 7 
mos, p=0.32). Notably, 54% of pts receiving CDK4/6i and 84% of 
pts receiving PI3Ki were on their third or later line of therapy. 
CONCLUSIONS: Using cfDNA, we were able to further 
characterize the resistance landscape of both CDK4/6i and 
PI3Ki, and identified specific ESR1, RB1 and PTEN alterations 
that appear likely to occur under the pressure of therapy. Our 
real-world analysis examining RB1 LOF alts added further 
evidence to suggest it may be both a primary and acquired 
resistance mechanism to CDK4/6i. As a non-invasive 
alternative to tissue biopsies, this data further illustrates that 
cfDNA can provide unique insight into tumor evolution and 
disease progression in the aBC setting.
Circulating Tumor Cells-driven choice of first line therapy for ER+ 
HER2- metastatic breast cancer: Overall survival analysis of the 
randomized STIC CTC trial 

Citation: SABCS GS3-09 
Author: Bidard F-C

BACKGROUND: High circulating tumor cell (CTC) count 
(CTChigh) is a strong adverse prognostic factor in patients with 
metastatic breast cancer (mBC). In the STIC CTC trial 
(NCT01710605), run before the introduction of CDK4/6 
inhibitors for ER+/HER2- mBC, we showed that CTC count (CTC 
arm) was non inferior to clinician’s choice (standard arm) on 
progression-free survival (PFS) to guide first line treatment 
selection between chemotherapy (CT) and endocrine therapy 
(ET) (Bidard et al., JAMA Oncol 2021). Of note, patients who had 
treatment escalated from ET (a priori clinician choice) to CT in 
the CTC arm, had a significantly longer PFS. We report here 
overall survival (OS) results of this multicenter CTC clinical 
utility trial.
METHODS: In the CTC arm, N=377 patients had their treatment 
determined by baseline CTC count: CT if CTChigh (≥5 CTCs/7.5 
mL, CellSearch®), ET if CTClow. In the standard arm (N=378 
patients), the choice was left to the investigator: CT if clinical 
high risk (Clinhigh), ET if clinical low risk (Clinlow). Therefore, 
patients with discordant Clinlow/CTChigh or Clinhigh/CTClow 
profiles had their first line treatment escalated from ET 
(standard arm) to CT (CTC arm) or de-escalated from CT 
(standard arm) to ET (CTC arm), respectively. Patients with 
concordant Clinlow/CTClow and Clinhigh/CTChigh profiles 
received ET and CT in both arms, respectively.
RESULTS: Among 755 randomized patients, N=189 (25.0%) had a 
Clinlow/CTChigh profile, N=103 (13.6%) Clinhigh/CTClow, N=363 
(48.2%) Clinlow/CTClow and N=100 (13.2%) Clinhigh/CTChigh. 
OS was analyzed after a median follow-up of 57 months and 
382 events (50.6%). In the Clinlow/CTChigh subgroup, CT in the 
CTC arm led a longer OS (mOS: 51.8 months [43.3-NR]) than ET 

of 12.4 months. MRD was not identified in one patient (1.2%) 
with local recurrence. Two of eight MRD-positive patients had 
not had clinical recurrence at last follow-up.
CONCLUSION: In this prospective study, in patients with 
high-risk HR+ BC in the late adjuvant setting, ctDNA was 
identified a median of 1 year before all cases of distant 
metastasis. Future studies will determine if ctDNA-guided 
intervention in patients with HR+ BC can alter clinical 
outcomes
Use of real-world data (RWD) to assess the utility of cell-free 
circulating tumor DNA (cfDNA) in identifying resistance to early 
treatment in advanced breast cancer (aBC).

Citation: ASCO 2022 Abstract 1011 
Author: Seth Andrew Wander 
BACKGROUND: The approvals of CDK4/6 inhibitors (CDK4/6i) 
and alpelisib (a PI3Ka inhibitor, PI3Ki) have overhauled early 
treatment of hormone positive aBC. While some clinical trials 
have investigated mechanisms of resistance to these drugs, 
their impact on tumor evolution requires further exploration. 
Here we use cfDNA to examine molecular changes pre- and 
post-CDK4/6i or PI3Ki treatment and use RWD to assess the 
impact of putative resistance alterations on response to 
treatment. 
METHODS: Patients (pts) with aBC were identified via the 
Guardant INFORM database and included if they had a cfDNA 
test within 90 days prior to therapy initiation and/or 90 days 
after therapy discontinuation with CDK4/6i or PI3Ki. Pts with 
RB1 loss of function (LOF) alterations (alts) who received 
CDK4/6i and pts with PTEN LOF alts who received PI3Ki were 

TRANSLATIONAL (RAPID REVIEW) in the standard arm (35.4 months [30.4-45.4]; HR=0.53 
[0.36-0.78], p=0.001). In patients Clinhigh/CTClow, no significant 
difference was observed whether they received CT (standard 
arm) or ET (CTC arm) (45.9 months [36.3-59.8] vs 49.4 months 
[35.4-65.4]; HR=0.88 [0.51-1.51], p=0.63). Pooling the two 
discordant groups (Clinlow/CTChigh or Clinhigh/CTClow), the 
CTC-driven strategy was superior to the clinician-driven 
treatment decision (HR=0.63 [0.46-0.86], p=0.02). Pooling all 
concordant and discordant groups together, a median OS of 
45.5 (95%CI=[40.9-51.1]) and 51.3 months [46.8-55.1] was 
observed in the standard and CTC arms, respectively (HR=0.84 
[0.69-1.03], p=0.10).
CONCLUSIONS: Prognostic information brought by CTC or 
standard factors is discordant in 40% of patients with ER+ 
HER2- mBC. In case of a discordant estimate, the STIC CTC trial 
shows the superiority on OS of the CTC-driven treatment 
decision strategy. These results also suggest a possible clinical 
utility of CTC to adjust systemic treatment for mBC in second 
and later lines, after progression on CDK4/6 inhibitors.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Circulating tumor DNA (ctDNA) and serum thymidine kinase 1 
activity (TKa) matched dynamics in patients (pts) with hormone 
receptor–positive (HR+), human epidermal growth factor 
2–negative (HER2-) advanced breast cancer (ABC) treated in 
first-line (1L) with ribociclib (RIB) and letrozole (LET) in the 
BioItaLEE trial.

Citation: ASCO 2022 Abstract 1012 
Author: Grazia Arpino
BACKGROUND: Independent early dynamic assessment 
(baseline [D0] and day 15 of first cycle [D15]) of both TKa and 
ctDNA was prognostic and predictive in pts with HR+, HER2− 
ABC treated with RIB+LET enrolled in the BioItaLEE trial 
(NCT03439046). Here we performed a combined analysis of 
these two biomarkers. 
METHODS: 287 pts were enrolled in the study. Overall, early 
dynamics were assessable for both biomarkers in 241/287 pts 
(84.0%). Methods applied for ctDNA and TKa evaluation were 
previously reported. For ctDNA, samples were defined as wild 
type (WT) if no mutations were observed at D0 and D15, ctDNA 
positive (+) if with or negative (-) if without a primary target 
mutation at D15. Samples were TKa+ or TKa- if TKa levels were 
above or below the limit of detection at D15. According to 
ctDNA and TKa pts were classified as: WT/TKa-, WT/TKa+, 
ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- and ctDNA+/TKa+ 
and then divided into 3 main study groups (GRs) WT/TKa- (GR1, 
n = 126), WT/TKa+, ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- 
(GR2, n = 96) and ctDNA+/TKa+ (GR3, n = 19). The association 

between biomarkers and PFS (progression-free survival) was 
estimated using Kaplan-Meier analysis and multivariate Cox 
models with 95% confidence intervals (CIs) adjusted for clinical 
variables. 
RESULTS: Median follow-up was 26.9 months. In multivariate 
Cox models both TKa dynamics and mutational tumor burden 
at D15 were independently predictive of PFS. Hazard ratios 
(HRs) were 0.37 (95% CI: 0.23-0.60; p < 0.0001) for WT vs ctDNA+ 
and 0.56 (95% CI: 0.32-1.00; p = 0.0506) for ctDNA- vs ctDNA+. 
For TKa, HR was 0.49 (95% CI: 0.30-0.80; p = 0.0040) in TKa- vs 
TKa+. Interestingly combining the two variables further 
improve prediction of outcome. HRs for TKa- vs TKa+ were 0.17 
(95% CI: 0.09-0.32; p < 0.0001), 0.28 (95% CI: 0.13-0.59; p = 0.0009) 
and 0.44 (95% CI: 0.23-0.86; p = 0.0169) in WT, ctDNA- and 
ctDNA+ pts, respectively. Considering the 3 study GRs, median 
PFSs (95% CI) were not reached (27.89, NE), 19.58 (13.83, 23.39) 
and 6.65 (2.83, 12.16) months in GR1, GR2 and GR3, respectively, 
p < 0.001. At multivariate Cox models, HRs of GR1 and GR2 
compared with GR3 were 0.17 (95% CI: 0.09-0.32; p < 0.0001) and 
0.37 (95% CI: 0.20-0.67; p = 0.001) respectively. 
CONCLUSIONS: These findings suggest that combining the 
early dynamic assessment of both ctDNA and TKa may 
improve outcome prediction in pts treated with RIB+LET. Pts 
with ctDNA+/TKa+ are strongly enriched for non-responders. 
TKa and ctDNA capture different features of tumor biological 
activity and their combination warrants further evaluation in 
relation to other treatments, settings, and diseases.

Circulating Tumor DNA and Late Recurrence in High-Risk 
Hormone Receptor-Positive, Human Epidermal Growth Factor 
Receptor 2-Negative Breast Cancer 

Citation: J ClinOncol. 2022 Aug 1;40(22):2408-2419. 
Author: Marla Lipsyc-Sharf
PURPOSE: To examine the prevalence and dynamics of 
circulating tumor DNA (ctDNA) and its association with 
metastatic recurrence in patients with high-risk early-stage 
hormone receptor-positive breast cancer (HR+ BC) more than 5 
years from diagnosis.
METHODS: We enrolled 103 patients with high-risk stage II-III 
HR+ BC diagnosed more than 5 years prior without clinical 
evidence of recurrence. We performed whole-exome 
sequencing (WES) on primary tumor tissue to identify somatic 
mutations tracked via a personalized, tumor-informed ctDNA 
test to detect minimal residual disease (MRD). We collected 
plasma at the time of consent and at routine visits every 6-12 
months. Patients were followed for clinical recurrence.
RESULTS: In total, 85 of 103 patients had sufficient tumor tissue; 
of them, 83 of 85 (97.6%) patients had successful whole-exome 
sequencing. Personalized ctDNA assays were designed 
targeting a median of 36 variants to test 219 plasma samples. 
The median time from diagnosis to first sample was 8.4 years. 
The median follow-up was 10.4 years from diagnosis and 2.0 
years from first sample. The median number of plasma 
samples per patient was two. Eight patients (10%) had positive 
MRD testing at any time point. Six patients (7.2%) developed 
distant metastatic recurrence, all of whom were MRD-positive 
before overt clinical recurrence, with median ctDNA lead time 

separately identified, and these cohorts were matched 1:3 with 
a RB1/PTEN negative population respectively, by age (+/- 5 
years), sex, year of cfDNA test, and line of therapy. Log-rank 
tests were used to assess differences in time to discontinuation 
(TTD) and time to next treatment (TTNT). 
RESULTS: Differences in the frequencies of certain alts 
detected in pts pre- and post-CDK4/6i or PI3Ki treatment are 
shown (Table). Pts with RB1 LOF alts prior to the start of 
CDK4/6i had significantly worse TTD and numerically worse 
TTNT versus controls (TTD = 3 mos vs 4.7 mos, p=0.018; TTNT = 
7.3 mos vs 8 mos, p=0.082). Pts with PTEN LOF alts prior to start 
of PI3Ki had no significant difference in TTD or TTNT versus 
controls (TTD = 4.1 mos vs 4.1 mos, p=0.92; TTNT = 7.4 mos vs 7 
mos, p=0.32). Notably, 54% of pts receiving CDK4/6i and 84% of 
pts receiving PI3Ki were on their third or later line of therapy. 
CONCLUSIONS: Using cfDNA, we were able to further 
characterize the resistance landscape of both CDK4/6i and 
PI3Ki, and identified specific ESR1, RB1 and PTEN alterations 
that appear likely to occur under the pressure of therapy. Our 
real-world analysis examining RB1 LOF alts added further 
evidence to suggest it may be both a primary and acquired 
resistance mechanism to CDK4/6i. As a non-invasive 
alternative to tissue biopsies, this data further illustrates that 
cfDNA can provide unique insight into tumor evolution and 
disease progression in the aBC setting.
Circulating Tumor Cells-driven choice of first line therapy for ER+ 
HER2- metastatic breast cancer: Overall survival analysis of the 
randomized STIC CTC trial 

Citation: SABCS GS3-09 
Author: Bidard F-C

BACKGROUND: High circulating tumor cell (CTC) count 
(CTChigh) is a strong adverse prognostic factor in patients with 
metastatic breast cancer (mBC). In the STIC CTC trial 
(NCT01710605), run before the introduction of CDK4/6 
inhibitors for ER+/HER2- mBC, we showed that CTC count (CTC 
arm) was non inferior to clinician’s choice (standard arm) on 
progression-free survival (PFS) to guide first line treatment 
selection between chemotherapy (CT) and endocrine therapy 
(ET) (Bidard et al., JAMA Oncol 2021). Of note, patients who had 
treatment escalated from ET (a priori clinician choice) to CT in 
the CTC arm, had a significantly longer PFS. We report here 
overall survival (OS) results of this multicenter CTC clinical 
utility trial.
METHODS: In the CTC arm, N=377 patients had their treatment 
determined by baseline CTC count: CT if CTChigh (≥5 CTCs/7.5 
mL, CellSearch®), ET if CTClow. In the standard arm (N=378 
patients), the choice was left to the investigator: CT if clinical 
high risk (Clinhigh), ET if clinical low risk (Clinlow). Therefore, 
patients with discordant Clinlow/CTChigh or Clinhigh/CTClow 
profiles had their first line treatment escalated from ET 
(standard arm) to CT (CTC arm) or de-escalated from CT 
(standard arm) to ET (CTC arm), respectively. Patients with 
concordant Clinlow/CTClow and Clinhigh/CTChigh profiles 
received ET and CT in both arms, respectively.
RESULTS: Among 755 randomized patients, N=189 (25.0%) had a 
Clinlow/CTChigh profile, N=103 (13.6%) Clinhigh/CTClow, N=363 
(48.2%) Clinlow/CTClow and N=100 (13.2%) Clinhigh/CTChigh. 
OS was analyzed after a median follow-up of 57 months and 
382 events (50.6%). In the Clinlow/CTChigh subgroup, CT in the 
CTC arm led a longer OS (mOS: 51.8 months [43.3-NR]) than ET 

of 12.4 months. MRD was not identified in one patient (1.2%) 
with local recurrence. Two of eight MRD-positive patients had 
not had clinical recurrence at last follow-up.
CONCLUSION: In this prospective study, in patients with 
high-risk HR+ BC in the late adjuvant setting, ctDNA was 
identified a median of 1 year before all cases of distant 
metastasis. Future studies will determine if ctDNA-guided 
intervention in patients with HR+ BC can alter clinical 
outcomes
Use of real-world data (RWD) to assess the utility of cell-free 
circulating tumor DNA (cfDNA) in identifying resistance to early 
treatment in advanced breast cancer (aBC).

Citation: ASCO 2022 Abstract 1011 
Author: Seth Andrew Wander 
BACKGROUND: The approvals of CDK4/6 inhibitors (CDK4/6i) 
and alpelisib (a PI3Ka inhibitor, PI3Ki) have overhauled early 
treatment of hormone positive aBC. While some clinical trials 
have investigated mechanisms of resistance to these drugs, 
their impact on tumor evolution requires further exploration. 
Here we use cfDNA to examine molecular changes pre- and 
post-CDK4/6i or PI3Ki treatment and use RWD to assess the 
impact of putative resistance alterations on response to 
treatment. 
METHODS: Patients (pts) with aBC were identified via the 
Guardant INFORM database and included if they had a cfDNA 
test within 90 days prior to therapy initiation and/or 90 days 
after therapy discontinuation with CDK4/6i or PI3Ki. Pts with 
RB1 loss of function (LOF) alterations (alts) who received 
CDK4/6i and pts with PTEN LOF alts who received PI3Ki were 

TRANSLATIONAL (RAPID REVIEW) in the standard arm (35.4 months [30.4-45.4]; HR=0.53 
[0.36-0.78], p=0.001). In patients Clinhigh/CTClow, no significant 
difference was observed whether they received CT (standard 
arm) or ET (CTC arm) (45.9 months [36.3-59.8] vs 49.4 months 
[35.4-65.4]; HR=0.88 [0.51-1.51], p=0.63). Pooling the two 
discordant groups (Clinlow/CTChigh or Clinhigh/CTClow), the 
CTC-driven strategy was superior to the clinician-driven 
treatment decision (HR=0.63 [0.46-0.86], p=0.02). Pooling all 
concordant and discordant groups together, a median OS of 
45.5 (95%CI=[40.9-51.1]) and 51.3 months [46.8-55.1] was 
observed in the standard and CTC arms, respectively (HR=0.84 
[0.69-1.03], p=0.10).
CONCLUSIONS: Prognostic information brought by CTC or 
standard factors is discordant in 40% of patients with ER+ 
HER2- mBC. In case of a discordant estimate, the STIC CTC trial 
shows the superiority on OS of the CTC-driven treatment 
decision strategy. These results also suggest a possible clinical 
utility of CTC to adjust systemic treatment for mBC in second 
and later lines, after progression on CDK4/6 inhibitors.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Circulating tumor DNA (ctDNA) and serum thymidine kinase 1 
activity (TKa) matched dynamics in patients (pts) with hormone 
receptor–positive (HR+), human epidermal growth factor 
2–negative (HER2-) advanced breast cancer (ABC) treated in 
first-line (1L) with ribociclib (RIB) and letrozole (LET) in the 
BioItaLEE trial.
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BACKGROUND: Independent early dynamic assessment 
(baseline [D0] and day 15 of first cycle [D15]) of both TKa and 
ctDNA was prognostic and predictive in pts with HR+, HER2− 
ABC treated with RIB+LET enrolled in the BioItaLEE trial 
(NCT03439046). Here we performed a combined analysis of 
these two biomarkers. 
METHODS: 287 pts were enrolled in the study. Overall, early 
dynamics were assessable for both biomarkers in 241/287 pts 
(84.0%). Methods applied for ctDNA and TKa evaluation were 
previously reported. For ctDNA, samples were defined as wild 
type (WT) if no mutations were observed at D0 and D15, ctDNA 
positive (+) if with or negative (-) if without a primary target 
mutation at D15. Samples were TKa+ or TKa- if TKa levels were 
above or below the limit of detection at D15. According to 
ctDNA and TKa pts were classified as: WT/TKa-, WT/TKa+, 
ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- and ctDNA+/TKa+ 
and then divided into 3 main study groups (GRs) WT/TKa- (GR1, 
n = 126), WT/TKa+, ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- 
(GR2, n = 96) and ctDNA+/TKa+ (GR3, n = 19). The association 

between biomarkers and PFS (progression-free survival) was 
estimated using Kaplan-Meier analysis and multivariate Cox 
models with 95% confidence intervals (CIs) adjusted for clinical 
variables. 
RESULTS: Median follow-up was 26.9 months. In multivariate 
Cox models both TKa dynamics and mutational tumor burden 
at D15 were independently predictive of PFS. Hazard ratios 
(HRs) were 0.37 (95% CI: 0.23-0.60; p < 0.0001) for WT vs ctDNA+ 
and 0.56 (95% CI: 0.32-1.00; p = 0.0506) for ctDNA- vs ctDNA+. 
For TKa, HR was 0.49 (95% CI: 0.30-0.80; p = 0.0040) in TKa- vs 
TKa+. Interestingly combining the two variables further 
improve prediction of outcome. HRs for TKa- vs TKa+ were 0.17 
(95% CI: 0.09-0.32; p < 0.0001), 0.28 (95% CI: 0.13-0.59; p = 0.0009) 
and 0.44 (95% CI: 0.23-0.86; p = 0.0169) in WT, ctDNA- and 
ctDNA+ pts, respectively. Considering the 3 study GRs, median 
PFSs (95% CI) were not reached (27.89, NE), 19.58 (13.83, 23.39) 
and 6.65 (2.83, 12.16) months in GR1, GR2 and GR3, respectively, 
p < 0.001. At multivariate Cox models, HRs of GR1 and GR2 
compared with GR3 were 0.17 (95% CI: 0.09-0.32; p < 0.0001) and 
0.37 (95% CI: 0.20-0.67; p = 0.001) respectively. 
CONCLUSIONS: These findings suggest that combining the 
early dynamic assessment of both ctDNA and TKa may 
improve outcome prediction in pts treated with RIB+LET. Pts 
with ctDNA+/TKa+ are strongly enriched for non-responders. 
TKa and ctDNA capture different features of tumor biological 
activity and their combination warrants further evaluation in 
relation to other treatments, settings, and diseases.

Circulating Tumor DNA and Late Recurrence in High-Risk 
Hormone Receptor-Positive, Human Epidermal Growth Factor 
Receptor 2-Negative Breast Cancer 

Citation: J ClinOncol. 2022 Aug 1;40(22):2408-2419. 
Author: Marla Lipsyc-Sharf
PURPOSE: To examine the prevalence and dynamics of 
circulating tumor DNA (ctDNA) and its association with 
metastatic recurrence in patients with high-risk early-stage 
hormone receptor-positive breast cancer (HR+ BC) more than 5 
years from diagnosis.
METHODS: We enrolled 103 patients with high-risk stage II-III 
HR+ BC diagnosed more than 5 years prior without clinical 
evidence of recurrence. We performed whole-exome 
sequencing (WES) on primary tumor tissue to identify somatic 
mutations tracked via a personalized, tumor-informed ctDNA 
test to detect minimal residual disease (MRD). We collected 
plasma at the time of consent and at routine visits every 6-12 
months. Patients were followed for clinical recurrence.
RESULTS: In total, 85 of 103 patients had sufficient tumor tissue; 
of them, 83 of 85 (97.6%) patients had successful whole-exome 
sequencing. Personalized ctDNA assays were designed 
targeting a median of 36 variants to test 219 plasma samples. 
The median time from diagnosis to first sample was 8.4 years. 
The median follow-up was 10.4 years from diagnosis and 2.0 
years from first sample. The median number of plasma 
samples per patient was two. Eight patients (10%) had positive 
MRD testing at any time point. Six patients (7.2%) developed 
distant metastatic recurrence, all of whom were MRD-positive 
before overt clinical recurrence, with median ctDNA lead time 

separately identified, and these cohorts were matched 1:3 with 
a RB1/PTEN negative population respectively, by age (+/- 5 
years), sex, year of cfDNA test, and line of therapy. Log-rank 
tests were used to assess differences in time to discontinuation 
(TTD) and time to next treatment (TTNT). 
RESULTS: Differences in the frequencies of certain alts 
detected in pts pre- and post-CDK4/6i or PI3Ki treatment are 
shown (Table). Pts with RB1 LOF alts prior to the start of 
CDK4/6i had significantly worse TTD and numerically worse 
TTNT versus controls (TTD = 3 mos vs 4.7 mos, p=0.018; TTNT = 
7.3 mos vs 8 mos, p=0.082). Pts with PTEN LOF alts prior to start 
of PI3Ki had no significant difference in TTD or TTNT versus 
controls (TTD = 4.1 mos vs 4.1 mos, p=0.92; TTNT = 7.4 mos vs 7 
mos, p=0.32). Notably, 54% of pts receiving CDK4/6i and 84% of 
pts receiving PI3Ki were on their third or later line of therapy. 
CONCLUSIONS: Using cfDNA, we were able to further 
characterize the resistance landscape of both CDK4/6i and 
PI3Ki, and identified specific ESR1, RB1 and PTEN alterations 
that appear likely to occur under the pressure of therapy. Our 
real-world analysis examining RB1 LOF alts added further 
evidence to suggest it may be both a primary and acquired 
resistance mechanism to CDK4/6i. As a non-invasive 
alternative to tissue biopsies, this data further illustrates that 
cfDNA can provide unique insight into tumor evolution and 
disease progression in the aBC setting.
Circulating Tumor Cells-driven choice of first line therapy for ER+ 
HER2- metastatic breast cancer: Overall survival analysis of the 
randomized STIC CTC trial 
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BACKGROUND: High circulating tumor cell (CTC) count 
(CTChigh) is a strong adverse prognostic factor in patients with 
metastatic breast cancer (mBC). In the STIC CTC trial 
(NCT01710605), run before the introduction of CDK4/6 
inhibitors for ER+/HER2- mBC, we showed that CTC count (CTC 
arm) was non inferior to clinician’s choice (standard arm) on 
progression-free survival (PFS) to guide first line treatment 
selection between chemotherapy (CT) and endocrine therapy 
(ET) (Bidard et al., JAMA Oncol 2021). Of note, patients who had 
treatment escalated from ET (a priori clinician choice) to CT in 
the CTC arm, had a significantly longer PFS. We report here 
overall survival (OS) results of this multicenter CTC clinical 
utility trial.
METHODS: In the CTC arm, N=377 patients had their treatment 
determined by baseline CTC count: CT if CTChigh (≥5 CTCs/7.5 
mL, CellSearch®), ET if CTClow. In the standard arm (N=378 
patients), the choice was left to the investigator: CT if clinical 
high risk (Clinhigh), ET if clinical low risk (Clinlow). Therefore, 
patients with discordant Clinlow/CTChigh or Clinhigh/CTClow 
profiles had their first line treatment escalated from ET 
(standard arm) to CT (CTC arm) or de-escalated from CT 
(standard arm) to ET (CTC arm), respectively. Patients with 
concordant Clinlow/CTClow and Clinhigh/CTChigh profiles 
received ET and CT in both arms, respectively.
RESULTS: Among 755 randomized patients, N=189 (25.0%) had a 
Clinlow/CTChigh profile, N=103 (13.6%) Clinhigh/CTClow, N=363 
(48.2%) Clinlow/CTClow and N=100 (13.2%) Clinhigh/CTChigh. 
OS was analyzed after a median follow-up of 57 months and 
382 events (50.6%). In the Clinlow/CTChigh subgroup, CT in the 
CTC arm led a longer OS (mOS: 51.8 months [43.3-NR]) than ET 

of 12.4 months. MRD was not identified in one patient (1.2%) 
with local recurrence. Two of eight MRD-positive patients had 
not had clinical recurrence at last follow-up.
CONCLUSION: In this prospective study, in patients with 
high-risk HR+ BC in the late adjuvant setting, ctDNA was 
identified a median of 1 year before all cases of distant 
metastasis. Future studies will determine if ctDNA-guided 
intervention in patients with HR+ BC can alter clinical 
outcomes
Use of real-world data (RWD) to assess the utility of cell-free 
circulating tumor DNA (cfDNA) in identifying resistance to early 
treatment in advanced breast cancer (aBC).
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BACKGROUND: The approvals of CDK4/6 inhibitors (CDK4/6i) 
and alpelisib (a PI3Ka inhibitor, PI3Ki) have overhauled early 
treatment of hormone positive aBC. While some clinical trials 
have investigated mechanisms of resistance to these drugs, 
their impact on tumor evolution requires further exploration. 
Here we use cfDNA to examine molecular changes pre- and 
post-CDK4/6i or PI3Ki treatment and use RWD to assess the 
impact of putative resistance alterations on response to 
treatment. 
METHODS: Patients (pts) with aBC were identified via the 
Guardant INFORM database and included if they had a cfDNA 
test within 90 days prior to therapy initiation and/or 90 days 
after therapy discontinuation with CDK4/6i or PI3Ki. Pts with 
RB1 loss of function (LOF) alterations (alts) who received 
CDK4/6i and pts with PTEN LOF alts who received PI3Ki were 

in the standard arm (35.4 months [30.4-45.4]; HR=0.53 
[0.36-0.78], p=0.001). In patients Clinhigh/CTClow, no significant 
difference was observed whether they received CT (standard 
arm) or ET (CTC arm) (45.9 months [36.3-59.8] vs 49.4 months 
[35.4-65.4]; HR=0.88 [0.51-1.51], p=0.63). Pooling the two 
discordant groups (Clinlow/CTChigh or Clinhigh/CTClow), the 
CTC-driven strategy was superior to the clinician-driven 
treatment decision (HR=0.63 [0.46-0.86], p=0.02). Pooling all 
concordant and discordant groups together, a median OS of 
45.5 (95%CI=[40.9-51.1]) and 51.3 months [46.8-55.1] was 
observed in the standard and CTC arms, respectively (HR=0.84 
[0.69-1.03], p=0.10).
CONCLUSIONS: Prognostic information brought by CTC or 
standard factors is discordant in 40% of patients with ER+ 
HER2- mBC. In case of a discordant estimate, the STIC CTC trial 
shows the superiority on OS of the CTC-driven treatment 
decision strategy. These results also suggest a possible clinical 
utility of CTC to adjust systemic treatment for mBC in second 
and later lines, after progression on CDK4/6 inhibitors.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial
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Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Circulating tumor DNA (ctDNA) and serum thymidine kinase 1 
activity (TKa) matched dynamics in patients (pts) with hormone 
receptor–positive (HR+), human epidermal growth factor 
2–negative (HER2-) advanced breast cancer (ABC) treated in 
first-line (1L) with ribociclib (RIB) and letrozole (LET) in the 
BioItaLEE trial.

Citation: ASCO 2022 Abstract 1012 
Author: Grazia Arpino
BACKGROUND: Independent early dynamic assessment 
(baseline [D0] and day 15 of first cycle [D15]) of both TKa and 
ctDNA was prognostic and predictive in pts with HR+, HER2− 
ABC treated with RIB+LET enrolled in the BioItaLEE trial 
(NCT03439046). Here we performed a combined analysis of 
these two biomarkers. 
METHODS: 287 pts were enrolled in the study. Overall, early 
dynamics were assessable for both biomarkers in 241/287 pts 
(84.0%). Methods applied for ctDNA and TKa evaluation were 
previously reported. For ctDNA, samples were defined as wild 
type (WT) if no mutations were observed at D0 and D15, ctDNA 
positive (+) if with or negative (-) if without a primary target 
mutation at D15. Samples were TKa+ or TKa- if TKa levels were 
above or below the limit of detection at D15. According to 
ctDNA and TKa pts were classified as: WT/TKa-, WT/TKa+, 
ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- and ctDNA+/TKa+ 
and then divided into 3 main study groups (GRs) WT/TKa- (GR1, 
n = 126), WT/TKa+, ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- 
(GR2, n = 96) and ctDNA+/TKa+ (GR3, n = 19). The association 

between biomarkers and PFS (progression-free survival) was 
estimated using Kaplan-Meier analysis and multivariate Cox 
models with 95% confidence intervals (CIs) adjusted for clinical 
variables. 
RESULTS: Median follow-up was 26.9 months. In multivariate 
Cox models both TKa dynamics and mutational tumor burden 
at D15 were independently predictive of PFS. Hazard ratios 
(HRs) were 0.37 (95% CI: 0.23-0.60; p < 0.0001) for WT vs ctDNA+ 
and 0.56 (95% CI: 0.32-1.00; p = 0.0506) for ctDNA- vs ctDNA+. 
For TKa, HR was 0.49 (95% CI: 0.30-0.80; p = 0.0040) in TKa- vs 
TKa+. Interestingly combining the two variables further 
improve prediction of outcome. HRs for TKa- vs TKa+ were 0.17 
(95% CI: 0.09-0.32; p < 0.0001), 0.28 (95% CI: 0.13-0.59; p = 0.0009) 
and 0.44 (95% CI: 0.23-0.86; p = 0.0169) in WT, ctDNA- and 
ctDNA+ pts, respectively. Considering the 3 study GRs, median 
PFSs (95% CI) were not reached (27.89, NE), 19.58 (13.83, 23.39) 
and 6.65 (2.83, 12.16) months in GR1, GR2 and GR3, respectively, 
p < 0.001. At multivariate Cox models, HRs of GR1 and GR2 
compared with GR3 were 0.17 (95% CI: 0.09-0.32; p < 0.0001) and 
0.37 (95% CI: 0.20-0.67; p = 0.001) respectively. 
CONCLUSIONS: These findings suggest that combining the 
early dynamic assessment of both ctDNA and TKa may 
improve outcome prediction in pts treated with RIB+LET. Pts 
with ctDNA+/TKa+ are strongly enriched for non-responders. 
TKa and ctDNA capture different features of tumor biological 
activity and their combination warrants further evaluation in 
relation to other treatments, settings, and diseases.

Circulating Tumor DNA and Late Recurrence in High-Risk 
Hormone Receptor-Positive, Human Epidermal Growth Factor 
Receptor 2-Negative Breast Cancer 

Citation: J ClinOncol. 2022 Aug 1;40(22):2408-2419. 
Author: Marla Lipsyc-Sharf
PURPOSE: To examine the prevalence and dynamics of 
circulating tumor DNA (ctDNA) and its association with 
metastatic recurrence in patients with high-risk early-stage 
hormone receptor-positive breast cancer (HR+ BC) more than 5 
years from diagnosis.
METHODS: We enrolled 103 patients with high-risk stage II-III 
HR+ BC diagnosed more than 5 years prior without clinical 
evidence of recurrence. We performed whole-exome 
sequencing (WES) on primary tumor tissue to identify somatic 
mutations tracked via a personalized, tumor-informed ctDNA 
test to detect minimal residual disease (MRD). We collected 
plasma at the time of consent and at routine visits every 6-12 
months. Patients were followed for clinical recurrence.
RESULTS: In total, 85 of 103 patients had sufficient tumor tissue; 
of them, 83 of 85 (97.6%) patients had successful whole-exome 
sequencing. Personalized ctDNA assays were designed 
targeting a median of 36 variants to test 219 plasma samples. 
The median time from diagnosis to first sample was 8.4 years. 
The median follow-up was 10.4 years from diagnosis and 2.0 
years from first sample. The median number of plasma 
samples per patient was two. Eight patients (10%) had positive 
MRD testing at any time point. Six patients (7.2%) developed 
distant metastatic recurrence, all of whom were MRD-positive 
before overt clinical recurrence, with median ctDNA lead time 

separately identified, and these cohorts were matched 1:3 with 
a RB1/PTEN negative population respectively, by age (+/- 5 
years), sex, year of cfDNA test, and line of therapy. Log-rank 
tests were used to assess differences in time to discontinuation 
(TTD) and time to next treatment (TTNT). 
RESULTS: Differences in the frequencies of certain alts 
detected in pts pre- and post-CDK4/6i or PI3Ki treatment are 
shown (Table). Pts with RB1 LOF alts prior to the start of 
CDK4/6i had significantly worse TTD and numerically worse 
TTNT versus controls (TTD = 3 mos vs 4.7 mos, p=0.018; TTNT = 
7.3 mos vs 8 mos, p=0.082). Pts with PTEN LOF alts prior to start 
of PI3Ki had no significant difference in TTD or TTNT versus 
controls (TTD = 4.1 mos vs 4.1 mos, p=0.92; TTNT = 7.4 mos vs 7 
mos, p=0.32). Notably, 54% of pts receiving CDK4/6i and 84% of 
pts receiving PI3Ki were on their third or later line of therapy. 
CONCLUSIONS: Using cfDNA, we were able to further 
characterize the resistance landscape of both CDK4/6i and 
PI3Ki, and identified specific ESR1, RB1 and PTEN alterations 
that appear likely to occur under the pressure of therapy. Our 
real-world analysis examining RB1 LOF alts added further 
evidence to suggest it may be both a primary and acquired 
resistance mechanism to CDK4/6i. As a non-invasive 
alternative to tissue biopsies, this data further illustrates that 
cfDNA can provide unique insight into tumor evolution and 
disease progression in the aBC setting.
Circulating Tumor Cells-driven choice of first line therapy for ER+ 
HER2- metastatic breast cancer: Overall survival analysis of the 
randomized STIC CTC trial 

Citation: SABCS GS3-09 
Author: Bidard F-C

BACKGROUND: High circulating tumor cell (CTC) count 
(CTChigh) is a strong adverse prognostic factor in patients with 
metastatic breast cancer (mBC). In the STIC CTC trial 
(NCT01710605), run before the introduction of CDK4/6 
inhibitors for ER+/HER2- mBC, we showed that CTC count (CTC 
arm) was non inferior to clinician’s choice (standard arm) on 
progression-free survival (PFS) to guide first line treatment 
selection between chemotherapy (CT) and endocrine therapy 
(ET) (Bidard et al., JAMA Oncol 2021). Of note, patients who had 
treatment escalated from ET (a priori clinician choice) to CT in 
the CTC arm, had a significantly longer PFS. We report here 
overall survival (OS) results of this multicenter CTC clinical 
utility trial.
METHODS: In the CTC arm, N=377 patients had their treatment 
determined by baseline CTC count: CT if CTChigh (≥5 CTCs/7.5 
mL, CellSearch®), ET if CTClow. In the standard arm (N=378 
patients), the choice was left to the investigator: CT if clinical 
high risk (Clinhigh), ET if clinical low risk (Clinlow). Therefore, 
patients with discordant Clinlow/CTChigh or Clinhigh/CTClow 
profiles had their first line treatment escalated from ET 
(standard arm) to CT (CTC arm) or de-escalated from CT 
(standard arm) to ET (CTC arm), respectively. Patients with 
concordant Clinlow/CTClow and Clinhigh/CTChigh profiles 
received ET and CT in both arms, respectively.
RESULTS: Among 755 randomized patients, N=189 (25.0%) had a 
Clinlow/CTChigh profile, N=103 (13.6%) Clinhigh/CTClow, N=363 
(48.2%) Clinlow/CTClow and N=100 (13.2%) Clinhigh/CTChigh. 
OS was analyzed after a median follow-up of 57 months and 
382 events (50.6%). In the Clinlow/CTChigh subgroup, CT in the 
CTC arm led a longer OS (mOS: 51.8 months [43.3-NR]) than ET 

of 12.4 months. MRD was not identified in one patient (1.2%) 
with local recurrence. Two of eight MRD-positive patients had 
not had clinical recurrence at last follow-up.
CONCLUSION: In this prospective study, in patients with 
high-risk HR+ BC in the late adjuvant setting, ctDNA was 
identified a median of 1 year before all cases of distant 
metastasis. Future studies will determine if ctDNA-guided 
intervention in patients with HR+ BC can alter clinical 
outcomes
Use of real-world data (RWD) to assess the utility of cell-free 
circulating tumor DNA (cfDNA) in identifying resistance to early 
treatment in advanced breast cancer (aBC).

Citation: ASCO 2022 Abstract 1011 
Author: Seth Andrew Wander 
BACKGROUND: The approvals of CDK4/6 inhibitors (CDK4/6i) 
and alpelisib (a PI3Ka inhibitor, PI3Ki) have overhauled early 
treatment of hormone positive aBC. While some clinical trials 
have investigated mechanisms of resistance to these drugs, 
their impact on tumor evolution requires further exploration. 
Here we use cfDNA to examine molecular changes pre- and 
post-CDK4/6i or PI3Ki treatment and use RWD to assess the 
impact of putative resistance alterations on response to 
treatment. 
METHODS: Patients (pts) with aBC were identified via the 
Guardant INFORM database and included if they had a cfDNA 
test within 90 days prior to therapy initiation and/or 90 days 
after therapy discontinuation with CDK4/6i or PI3Ki. Pts with 
RB1 loss of function (LOF) alterations (alts) who received 
CDK4/6i and pts with PTEN LOF alts who received PI3Ki were 

in the standard arm (35.4 months [30.4-45.4]; HR=0.53 
[0.36-0.78], p=0.001). In patients Clinhigh/CTClow, no significant 
difference was observed whether they received CT (standard 
arm) or ET (CTC arm) (45.9 months [36.3-59.8] vs 49.4 months 
[35.4-65.4]; HR=0.88 [0.51-1.51], p=0.63). Pooling the two 
discordant groups (Clinlow/CTChigh or Clinhigh/CTClow), the 
CTC-driven strategy was superior to the clinician-driven 
treatment decision (HR=0.63 [0.46-0.86], p=0.02). Pooling all 
concordant and discordant groups together, a median OS of 
45.5 (95%CI=[40.9-51.1]) and 51.3 months [46.8-55.1] was 
observed in the standard and CTC arms, respectively (HR=0.84 
[0.69-1.03], p=0.10).
CONCLUSIONS: Prognostic information brought by CTC or 
standard factors is discordant in 40% of patients with ER+ 
HER2- mBC. In case of a discordant estimate, the STIC CTC trial 
shows the superiority on OS of the CTC-driven treatment 
decision strategy. These results also suggest a possible clinical 
utility of CTC to adjust systemic treatment for mBC in second 
and later lines, after progression on CDK4/6 inhibitors.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Circulating tumor DNA (ctDNA) and serum thymidine kinase 1 
activity (TKa) matched dynamics in patients (pts) with hormone 
receptor–positive (HR+), human epidermal growth factor 
2–negative (HER2-) advanced breast cancer (ABC) treated in 
first-line (1L) with ribociclib (RIB) and letrozole (LET) in the 
BioItaLEE trial.

Citation: ASCO 2022 Abstract 1012 
Author: Grazia Arpino
BACKGROUND: Independent early dynamic assessment 
(baseline [D0] and day 15 of first cycle [D15]) of both TKa and 
ctDNA was prognostic and predictive in pts with HR+, HER2− 
ABC treated with RIB+LET enrolled in the BioItaLEE trial 
(NCT03439046). Here we performed a combined analysis of 
these two biomarkers. 
METHODS: 287 pts were enrolled in the study. Overall, early 
dynamics were assessable for both biomarkers in 241/287 pts 
(84.0%). Methods applied for ctDNA and TKa evaluation were 
previously reported. For ctDNA, samples were defined as wild 
type (WT) if no mutations were observed at D0 and D15, ctDNA 
positive (+) if with or negative (-) if without a primary target 
mutation at D15. Samples were TKa+ or TKa- if TKa levels were 
above or below the limit of detection at D15. According to 
ctDNA and TKa pts were classified as: WT/TKa-, WT/TKa+, 
ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- and ctDNA+/TKa+ 
and then divided into 3 main study groups (GRs) WT/TKa- (GR1, 
n = 126), WT/TKa+, ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- 
(GR2, n = 96) and ctDNA+/TKa+ (GR3, n = 19). The association 

between biomarkers and PFS (progression-free survival) was 
estimated using Kaplan-Meier analysis and multivariate Cox 
models with 95% confidence intervals (CIs) adjusted for clinical 
variables. 
RESULTS: Median follow-up was 26.9 months. In multivariate 
Cox models both TKa dynamics and mutational tumor burden 
at D15 were independently predictive of PFS. Hazard ratios 
(HRs) were 0.37 (95% CI: 0.23-0.60; p < 0.0001) for WT vs ctDNA+ 
and 0.56 (95% CI: 0.32-1.00; p = 0.0506) for ctDNA- vs ctDNA+. 
For TKa, HR was 0.49 (95% CI: 0.30-0.80; p = 0.0040) in TKa- vs 
TKa+. Interestingly combining the two variables further 
improve prediction of outcome. HRs for TKa- vs TKa+ were 0.17 
(95% CI: 0.09-0.32; p < 0.0001), 0.28 (95% CI: 0.13-0.59; p = 0.0009) 
and 0.44 (95% CI: 0.23-0.86; p = 0.0169) in WT, ctDNA- and 
ctDNA+ pts, respectively. Considering the 3 study GRs, median 
PFSs (95% CI) were not reached (27.89, NE), 19.58 (13.83, 23.39) 
and 6.65 (2.83, 12.16) months in GR1, GR2 and GR3, respectively, 
p < 0.001. At multivariate Cox models, HRs of GR1 and GR2 
compared with GR3 were 0.17 (95% CI: 0.09-0.32; p < 0.0001) and 
0.37 (95% CI: 0.20-0.67; p = 0.001) respectively. 
CONCLUSIONS: These findings suggest that combining the 
early dynamic assessment of both ctDNA and TKa may 
improve outcome prediction in pts treated with RIB+LET. Pts 
with ctDNA+/TKa+ are strongly enriched for non-responders. 
TKa and ctDNA capture different features of tumor biological 
activity and their combination warrants further evaluation in 
relation to other treatments, settings, and diseases.

Circulating Tumor DNA and Late Recurrence in High-Risk 
Hormone Receptor-Positive, Human Epidermal Growth Factor 
Receptor 2-Negative Breast Cancer 

Citation: J ClinOncol. 2022 Aug 1;40(22):2408-2419. 
Author: Marla Lipsyc-Sharf
PURPOSE: To examine the prevalence and dynamics of 
circulating tumor DNA (ctDNA) and its association with 
metastatic recurrence in patients with high-risk early-stage 
hormone receptor-positive breast cancer (HR+ BC) more than 5 
years from diagnosis.
METHODS: We enrolled 103 patients with high-risk stage II-III 
HR+ BC diagnosed more than 5 years prior without clinical 
evidence of recurrence. We performed whole-exome 
sequencing (WES) on primary tumor tissue to identify somatic 
mutations tracked via a personalized, tumor-informed ctDNA 
test to detect minimal residual disease (MRD). We collected 
plasma at the time of consent and at routine visits every 6-12 
months. Patients were followed for clinical recurrence.
RESULTS: In total, 85 of 103 patients had sufficient tumor tissue; 
of them, 83 of 85 (97.6%) patients had successful whole-exome 
sequencing. Personalized ctDNA assays were designed 
targeting a median of 36 variants to test 219 plasma samples. 
The median time from diagnosis to first sample was 8.4 years. 
The median follow-up was 10.4 years from diagnosis and 2.0 
years from first sample. The median number of plasma 
samples per patient was two. Eight patients (10%) had positive 
MRD testing at any time point. Six patients (7.2%) developed 
distant metastatic recurrence, all of whom were MRD-positive 
before overt clinical recurrence, with median ctDNA lead time 

separately identified, and these cohorts were matched 1:3 with 
a RB1/PTEN negative population respectively, by age (+/- 5 
years), sex, year of cfDNA test, and line of therapy. Log-rank 
tests were used to assess differences in time to discontinuation 
(TTD) and time to next treatment (TTNT). 
RESULTS: Differences in the frequencies of certain alts 
detected in pts pre- and post-CDK4/6i or PI3Ki treatment are 
shown (Table). Pts with RB1 LOF alts prior to the start of 
CDK4/6i had significantly worse TTD and numerically worse 
TTNT versus controls (TTD = 3 mos vs 4.7 mos, p=0.018; TTNT = 
7.3 mos vs 8 mos, p=0.082). Pts with PTEN LOF alts prior to start 
of PI3Ki had no significant difference in TTD or TTNT versus 
controls (TTD = 4.1 mos vs 4.1 mos, p=0.92; TTNT = 7.4 mos vs 7 
mos, p=0.32). Notably, 54% of pts receiving CDK4/6i and 84% of 
pts receiving PI3Ki were on their third or later line of therapy. 
CONCLUSIONS: Using cfDNA, we were able to further 
characterize the resistance landscape of both CDK4/6i and 
PI3Ki, and identified specific ESR1, RB1 and PTEN alterations 
that appear likely to occur under the pressure of therapy. Our 
real-world analysis examining RB1 LOF alts added further 
evidence to suggest it may be both a primary and acquired 
resistance mechanism to CDK4/6i. As a non-invasive 
alternative to tissue biopsies, this data further illustrates that 
cfDNA can provide unique insight into tumor evolution and 
disease progression in the aBC setting.
Circulating Tumor Cells-driven choice of first line therapy for ER+ 
HER2- metastatic breast cancer: Overall survival analysis of the 
randomized STIC CTC trial 

Citation: SABCS GS3-09 
Author: Bidard F-C

BACKGROUND: High circulating tumor cell (CTC) count 
(CTChigh) is a strong adverse prognostic factor in patients with 
metastatic breast cancer (mBC). In the STIC CTC trial 
(NCT01710605), run before the introduction of CDK4/6 
inhibitors for ER+/HER2- mBC, we showed that CTC count (CTC 
arm) was non inferior to clinician’s choice (standard arm) on 
progression-free survival (PFS) to guide first line treatment 
selection between chemotherapy (CT) and endocrine therapy 
(ET) (Bidard et al., JAMA Oncol 2021). Of note, patients who had 
treatment escalated from ET (a priori clinician choice) to CT in 
the CTC arm, had a significantly longer PFS. We report here 
overall survival (OS) results of this multicenter CTC clinical 
utility trial.
METHODS: In the CTC arm, N=377 patients had their treatment 
determined by baseline CTC count: CT if CTChigh (≥5 CTCs/7.5 
mL, CellSearch®), ET if CTClow. In the standard arm (N=378 
patients), the choice was left to the investigator: CT if clinical 
high risk (Clinhigh), ET if clinical low risk (Clinlow). Therefore, 
patients with discordant Clinlow/CTChigh or Clinhigh/CTClow 
profiles had their first line treatment escalated from ET 
(standard arm) to CT (CTC arm) or de-escalated from CT 
(standard arm) to ET (CTC arm), respectively. Patients with 
concordant Clinlow/CTClow and Clinhigh/CTChigh profiles 
received ET and CT in both arms, respectively.
RESULTS: Among 755 randomized patients, N=189 (25.0%) had a 
Clinlow/CTChigh profile, N=103 (13.6%) Clinhigh/CTClow, N=363 
(48.2%) Clinlow/CTClow and N=100 (13.2%) Clinhigh/CTChigh. 
OS was analyzed after a median follow-up of 57 months and 
382 events (50.6%). In the Clinlow/CTChigh subgroup, CT in the 
CTC arm led a longer OS (mOS: 51.8 months [43.3-NR]) than ET 

of 12.4 months. MRD was not identified in one patient (1.2%) 
with local recurrence. Two of eight MRD-positive patients had 
not had clinical recurrence at last follow-up.
CONCLUSION: In this prospective study, in patients with 
high-risk HR+ BC in the late adjuvant setting, ctDNA was 
identified a median of 1 year before all cases of distant 
metastasis. Future studies will determine if ctDNA-guided 
intervention in patients with HR+ BC can alter clinical 
outcomes
Use of real-world data (RWD) to assess the utility of cell-free 
circulating tumor DNA (cfDNA) in identifying resistance to early 
treatment in advanced breast cancer (aBC).

Citation: ASCO 2022 Abstract 1011 
Author: Seth Andrew Wander 
BACKGROUND: The approvals of CDK4/6 inhibitors (CDK4/6i) 
and alpelisib (a PI3Ka inhibitor, PI3Ki) have overhauled early 
treatment of hormone positive aBC. While some clinical trials 
have investigated mechanisms of resistance to these drugs, 
their impact on tumor evolution requires further exploration. 
Here we use cfDNA to examine molecular changes pre- and 
post-CDK4/6i or PI3Ki treatment and use RWD to assess the 
impact of putative resistance alterations on response to 
treatment. 
METHODS: Patients (pts) with aBC were identified via the 
Guardant INFORM database and included if they had a cfDNA 
test within 90 days prior to therapy initiation and/or 90 days 
after therapy discontinuation with CDK4/6i or PI3Ki. Pts with 
RB1 loss of function (LOF) alterations (alts) who received 
CDK4/6i and pts with PTEN LOF alts who received PI3Ki were 

in the standard arm (35.4 months [30.4-45.4]; HR=0.53 
[0.36-0.78], p=0.001). In patients Clinhigh/CTClow, no significant 
difference was observed whether they received CT (standard 
arm) or ET (CTC arm) (45.9 months [36.3-59.8] vs 49.4 months 
[35.4-65.4]; HR=0.88 [0.51-1.51], p=0.63). Pooling the two 
discordant groups (Clinlow/CTChigh or Clinhigh/CTClow), the 
CTC-driven strategy was superior to the clinician-driven 
treatment decision (HR=0.63 [0.46-0.86], p=0.02). Pooling all 
concordant and discordant groups together, a median OS of 
45.5 (95%CI=[40.9-51.1]) and 51.3 months [46.8-55.1] was 
observed in the standard and CTC arms, respectively (HR=0.84 
[0.69-1.03], p=0.10).
CONCLUSIONS: Prognostic information brought by CTC or 
standard factors is discordant in 40% of patients with ER+ 
HER2- mBC. In case of a discordant estimate, the STIC CTC trial 
shows the superiority on OS of the CTC-driven treatment 
decision strategy. These results also suggest a possible clinical 
utility of CTC to adjust systemic treatment for mBC in second 
and later lines, after progression on CDK4/6 inhibitors.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
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Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
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BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Circulating tumor DNA (ctDNA) and serum thymidine kinase 1 
activity (TKa) matched dynamics in patients (pts) with hormone 
receptor–positive (HR+), human epidermal growth factor 
2–negative (HER2-) advanced breast cancer (ABC) treated in 
first-line (1L) with ribociclib (RIB) and letrozole (LET) in the 
BioItaLEE trial.
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BACKGROUND: Independent early dynamic assessment 
(baseline [D0] and day 15 of first cycle [D15]) of both TKa and 
ctDNA was prognostic and predictive in pts with HR+, HER2− 
ABC treated with RIB+LET enrolled in the BioItaLEE trial 
(NCT03439046). Here we performed a combined analysis of 
these two biomarkers. 
METHODS: 287 pts were enrolled in the study. Overall, early 
dynamics were assessable for both biomarkers in 241/287 pts 
(84.0%). Methods applied for ctDNA and TKa evaluation were 
previously reported. For ctDNA, samples were defined as wild 
type (WT) if no mutations were observed at D0 and D15, ctDNA 
positive (+) if with or negative (-) if without a primary target 
mutation at D15. Samples were TKa+ or TKa- if TKa levels were 
above or below the limit of detection at D15. According to 
ctDNA and TKa pts were classified as: WT/TKa-, WT/TKa+, 
ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- and ctDNA+/TKa+ 
and then divided into 3 main study groups (GRs) WT/TKa- (GR1, 
n = 126), WT/TKa+, ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- 
(GR2, n = 96) and ctDNA+/TKa+ (GR3, n = 19). The association 

between biomarkers and PFS (progression-free survival) was 
estimated using Kaplan-Meier analysis and multivariate Cox 
models with 95% confidence intervals (CIs) adjusted for clinical 
variables. 
RESULTS: Median follow-up was 26.9 months. In multivariate 
Cox models both TKa dynamics and mutational tumor burden 
at D15 were independently predictive of PFS. Hazard ratios 
(HRs) were 0.37 (95% CI: 0.23-0.60; p < 0.0001) for WT vs ctDNA+ 
and 0.56 (95% CI: 0.32-1.00; p = 0.0506) for ctDNA- vs ctDNA+. 
For TKa, HR was 0.49 (95% CI: 0.30-0.80; p = 0.0040) in TKa- vs 
TKa+. Interestingly combining the two variables further 
improve prediction of outcome. HRs for TKa- vs TKa+ were 0.17 
(95% CI: 0.09-0.32; p < 0.0001), 0.28 (95% CI: 0.13-0.59; p = 0.0009) 
and 0.44 (95% CI: 0.23-0.86; p = 0.0169) in WT, ctDNA- and 
ctDNA+ pts, respectively. Considering the 3 study GRs, median 
PFSs (95% CI) were not reached (27.89, NE), 19.58 (13.83, 23.39) 
and 6.65 (2.83, 12.16) months in GR1, GR2 and GR3, respectively, 
p < 0.001. At multivariate Cox models, HRs of GR1 and GR2 
compared with GR3 were 0.17 (95% CI: 0.09-0.32; p < 0.0001) and 
0.37 (95% CI: 0.20-0.67; p = 0.001) respectively. 
CONCLUSIONS: These findings suggest that combining the 
early dynamic assessment of both ctDNA and TKa may 
improve outcome prediction in pts treated with RIB+LET. Pts 
with ctDNA+/TKa+ are strongly enriched for non-responders. 
TKa and ctDNA capture different features of tumor biological 
activity and their combination warrants further evaluation in 
relation to other treatments, settings, and diseases.

Circulating Tumor DNA and Late Recurrence in High-Risk 
Hormone Receptor-Positive, Human Epidermal Growth Factor 
Receptor 2-Negative Breast Cancer 
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PURPOSE: To examine the prevalence and dynamics of 
circulating tumor DNA (ctDNA) and its association with 
metastatic recurrence in patients with high-risk early-stage 
hormone receptor-positive breast cancer (HR+ BC) more than 5 
years from diagnosis.
METHODS: We enrolled 103 patients with high-risk stage II-III 
HR+ BC diagnosed more than 5 years prior without clinical 
evidence of recurrence. We performed whole-exome 
sequencing (WES) on primary tumor tissue to identify somatic 
mutations tracked via a personalized, tumor-informed ctDNA 
test to detect minimal residual disease (MRD). We collected 
plasma at the time of consent and at routine visits every 6-12 
months. Patients were followed for clinical recurrence.
RESULTS: In total, 85 of 103 patients had sufficient tumor tissue; 
of them, 83 of 85 (97.6%) patients had successful whole-exome 
sequencing. Personalized ctDNA assays were designed 
targeting a median of 36 variants to test 219 plasma samples. 
The median time from diagnosis to first sample was 8.4 years. 
The median follow-up was 10.4 years from diagnosis and 2.0 
years from first sample. The median number of plasma 
samples per patient was two. Eight patients (10%) had positive 
MRD testing at any time point. Six patients (7.2%) developed 
distant metastatic recurrence, all of whom were MRD-positive 
before overt clinical recurrence, with median ctDNA lead time 

separately identified, and these cohorts were matched 1:3 with 
a RB1/PTEN negative population respectively, by age (+/- 5 
years), sex, year of cfDNA test, and line of therapy. Log-rank 
tests were used to assess differences in time to discontinuation 
(TTD) and time to next treatment (TTNT). 
RESULTS: Differences in the frequencies of certain alts 
detected in pts pre- and post-CDK4/6i or PI3Ki treatment are 
shown (Table). Pts with RB1 LOF alts prior to the start of 
CDK4/6i had significantly worse TTD and numerically worse 
TTNT versus controls (TTD = 3 mos vs 4.7 mos, p=0.018; TTNT = 
7.3 mos vs 8 mos, p=0.082). Pts with PTEN LOF alts prior to start 
of PI3Ki had no significant difference in TTD or TTNT versus 
controls (TTD = 4.1 mos vs 4.1 mos, p=0.92; TTNT = 7.4 mos vs 7 
mos, p=0.32). Notably, 54% of pts receiving CDK4/6i and 84% of 
pts receiving PI3Ki were on their third or later line of therapy. 
CONCLUSIONS: Using cfDNA, we were able to further 
characterize the resistance landscape of both CDK4/6i and 
PI3Ki, and identified specific ESR1, RB1 and PTEN alterations 
that appear likely to occur under the pressure of therapy. Our 
real-world analysis examining RB1 LOF alts added further 
evidence to suggest it may be both a primary and acquired 
resistance mechanism to CDK4/6i. As a non-invasive 
alternative to tissue biopsies, this data further illustrates that 
cfDNA can provide unique insight into tumor evolution and 
disease progression in the aBC setting.
Circulating Tumor Cells-driven choice of first line therapy for ER+ 
HER2- metastatic breast cancer: Overall survival analysis of the 
randomized STIC CTC trial 
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BACKGROUND: High circulating tumor cell (CTC) count 
(CTChigh) is a strong adverse prognostic factor in patients with 
metastatic breast cancer (mBC). In the STIC CTC trial 
(NCT01710605), run before the introduction of CDK4/6 
inhibitors for ER+/HER2- mBC, we showed that CTC count (CTC 
arm) was non inferior to clinician’s choice (standard arm) on 
progression-free survival (PFS) to guide first line treatment 
selection between chemotherapy (CT) and endocrine therapy 
(ET) (Bidard et al., JAMA Oncol 2021). Of note, patients who had 
treatment escalated from ET (a priori clinician choice) to CT in 
the CTC arm, had a significantly longer PFS. We report here 
overall survival (OS) results of this multicenter CTC clinical 
utility trial.
METHODS: In the CTC arm, N=377 patients had their treatment 
determined by baseline CTC count: CT if CTChigh (≥5 CTCs/7.5 
mL, CellSearch®), ET if CTClow. In the standard arm (N=378 
patients), the choice was left to the investigator: CT if clinical 
high risk (Clinhigh), ET if clinical low risk (Clinlow). Therefore, 
patients with discordant Clinlow/CTChigh or Clinhigh/CTClow 
profiles had their first line treatment escalated from ET 
(standard arm) to CT (CTC arm) or de-escalated from CT 
(standard arm) to ET (CTC arm), respectively. Patients with 
concordant Clinlow/CTClow and Clinhigh/CTChigh profiles 
received ET and CT in both arms, respectively.
RESULTS: Among 755 randomized patients, N=189 (25.0%) had a 
Clinlow/CTChigh profile, N=103 (13.6%) Clinhigh/CTClow, N=363 
(48.2%) Clinlow/CTClow and N=100 (13.2%) Clinhigh/CTChigh. 
OS was analyzed after a median follow-up of 57 months and 
382 events (50.6%). In the Clinlow/CTChigh subgroup, CT in the 
CTC arm led a longer OS (mOS: 51.8 months [43.3-NR]) than ET 

of 12.4 months. MRD was not identified in one patient (1.2%) 
with local recurrence. Two of eight MRD-positive patients had 
not had clinical recurrence at last follow-up.
CONCLUSION: In this prospective study, in patients with 
high-risk HR+ BC in the late adjuvant setting, ctDNA was 
identified a median of 1 year before all cases of distant 
metastasis. Future studies will determine if ctDNA-guided 
intervention in patients with HR+ BC can alter clinical 
outcomes
Use of real-world data (RWD) to assess the utility of cell-free 
circulating tumor DNA (cfDNA) in identifying resistance to early 
treatment in advanced breast cancer (aBC).
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BACKGROUND: The approvals of CDK4/6 inhibitors (CDK4/6i) 
and alpelisib (a PI3Ka inhibitor, PI3Ki) have overhauled early 
treatment of hormone positive aBC. While some clinical trials 
have investigated mechanisms of resistance to these drugs, 
their impact on tumor evolution requires further exploration. 
Here we use cfDNA to examine molecular changes pre- and 
post-CDK4/6i or PI3Ki treatment and use RWD to assess the 
impact of putative resistance alterations on response to 
treatment. 
METHODS: Patients (pts) with aBC were identified via the 
Guardant INFORM database and included if they had a cfDNA 
test within 90 days prior to therapy initiation and/or 90 days 
after therapy discontinuation with CDK4/6i or PI3Ki. Pts with 
RB1 loss of function (LOF) alterations (alts) who received 
CDK4/6i and pts with PTEN LOF alts who received PI3Ki were 

in the standard arm (35.4 months [30.4-45.4]; HR=0.53 
[0.36-0.78], p=0.001). In patients Clinhigh/CTClow, no significant 
difference was observed whether they received CT (standard 
arm) or ET (CTC arm) (45.9 months [36.3-59.8] vs 49.4 months 
[35.4-65.4]; HR=0.88 [0.51-1.51], p=0.63). Pooling the two 
discordant groups (Clinlow/CTChigh or Clinhigh/CTClow), the 
CTC-driven strategy was superior to the clinician-driven 
treatment decision (HR=0.63 [0.46-0.86], p=0.02). Pooling all 
concordant and discordant groups together, a median OS of 
45.5 (95%CI=[40.9-51.1]) and 51.3 months [46.8-55.1] was 
observed in the standard and CTC arms, respectively (HR=0.84 
[0.69-1.03], p=0.10).
CONCLUSIONS: Prognostic information brought by CTC or 
standard factors is discordant in 40% of patients with ER+ 
HER2- mBC. In case of a discordant estimate, the STIC CTC trial 
shows the superiority on OS of the CTC-driven treatment 
decision strategy. These results also suggest a possible clinical 
utility of CTC to adjust systemic treatment for mBC in second 
and later lines, after progression on CDK4/6 inhibitors.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Circulating tumor DNA (ctDNA) and serum thymidine kinase 1 
activity (TKa) matched dynamics in patients (pts) with hormone 
receptor–positive (HR+), human epidermal growth factor 
2–negative (HER2-) advanced breast cancer (ABC) treated in 
first-line (1L) with ribociclib (RIB) and letrozole (LET) in the 
BioItaLEE trial.

Citation: ASCO 2022 Abstract 1012 
Author: Grazia Arpino
BACKGROUND: Independent early dynamic assessment 
(baseline [D0] and day 15 of first cycle [D15]) of both TKa and 
ctDNA was prognostic and predictive in pts with HR+, HER2− 
ABC treated with RIB+LET enrolled in the BioItaLEE trial 
(NCT03439046). Here we performed a combined analysis of 
these two biomarkers. 
METHODS: 287 pts were enrolled in the study. Overall, early 
dynamics were assessable for both biomarkers in 241/287 pts 
(84.0%). Methods applied for ctDNA and TKa evaluation were 
previously reported. For ctDNA, samples were defined as wild 
type (WT) if no mutations were observed at D0 and D15, ctDNA 
positive (+) if with or negative (-) if without a primary target 
mutation at D15. Samples were TKa+ or TKa- if TKa levels were 
above or below the limit of detection at D15. According to 
ctDNA and TKa pts were classified as: WT/TKa-, WT/TKa+, 
ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- and ctDNA+/TKa+ 
and then divided into 3 main study groups (GRs) WT/TKa- (GR1, 
n = 126), WT/TKa+, ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- 
(GR2, n = 96) and ctDNA+/TKa+ (GR3, n = 19). The association 

between biomarkers and PFS (progression-free survival) was 
estimated using Kaplan-Meier analysis and multivariate Cox 
models with 95% confidence intervals (CIs) adjusted for clinical 
variables. 
RESULTS: Median follow-up was 26.9 months. In multivariate 
Cox models both TKa dynamics and mutational tumor burden 
at D15 were independently predictive of PFS. Hazard ratios 
(HRs) were 0.37 (95% CI: 0.23-0.60; p < 0.0001) for WT vs ctDNA+ 
and 0.56 (95% CI: 0.32-1.00; p = 0.0506) for ctDNA- vs ctDNA+. 
For TKa, HR was 0.49 (95% CI: 0.30-0.80; p = 0.0040) in TKa- vs 
TKa+. Interestingly combining the two variables further 
improve prediction of outcome. HRs for TKa- vs TKa+ were 0.17 
(95% CI: 0.09-0.32; p < 0.0001), 0.28 (95% CI: 0.13-0.59; p = 0.0009) 
and 0.44 (95% CI: 0.23-0.86; p = 0.0169) in WT, ctDNA- and 
ctDNA+ pts, respectively. Considering the 3 study GRs, median 
PFSs (95% CI) were not reached (27.89, NE), 19.58 (13.83, 23.39) 
and 6.65 (2.83, 12.16) months in GR1, GR2 and GR3, respectively, 
p < 0.001. At multivariate Cox models, HRs of GR1 and GR2 
compared with GR3 were 0.17 (95% CI: 0.09-0.32; p < 0.0001) and 
0.37 (95% CI: 0.20-0.67; p = 0.001) respectively. 
CONCLUSIONS: These findings suggest that combining the 
early dynamic assessment of both ctDNA and TKa may 
improve outcome prediction in pts treated with RIB+LET. Pts 
with ctDNA+/TKa+ are strongly enriched for non-responders. 
TKa and ctDNA capture different features of tumor biological 
activity and their combination warrants further evaluation in 
relation to other treatments, settings, and diseases.

Circulating Tumor DNA and Late Recurrence in High-Risk 
Hormone Receptor-Positive, Human Epidermal Growth Factor 
Receptor 2-Negative Breast Cancer 

Citation: J ClinOncol. 2022 Aug 1;40(22):2408-2419. 
Author: Marla Lipsyc-Sharf
PURPOSE: To examine the prevalence and dynamics of 
circulating tumor DNA (ctDNA) and its association with 
metastatic recurrence in patients with high-risk early-stage 
hormone receptor-positive breast cancer (HR+ BC) more than 5 
years from diagnosis.
METHODS: We enrolled 103 patients with high-risk stage II-III 
HR+ BC diagnosed more than 5 years prior without clinical 
evidence of recurrence. We performed whole-exome 
sequencing (WES) on primary tumor tissue to identify somatic 
mutations tracked via a personalized, tumor-informed ctDNA 
test to detect minimal residual disease (MRD). We collected 
plasma at the time of consent and at routine visits every 6-12 
months. Patients were followed for clinical recurrence.
RESULTS: In total, 85 of 103 patients had sufficient tumor tissue; 
of them, 83 of 85 (97.6%) patients had successful whole-exome 
sequencing. Personalized ctDNA assays were designed 
targeting a median of 36 variants to test 219 plasma samples. 
The median time from diagnosis to first sample was 8.4 years. 
The median follow-up was 10.4 years from diagnosis and 2.0 
years from first sample. The median number of plasma 
samples per patient was two. Eight patients (10%) had positive 
MRD testing at any time point. Six patients (7.2%) developed 
distant metastatic recurrence, all of whom were MRD-positive 
before overt clinical recurrence, with median ctDNA lead time 

separately identified, and these cohorts were matched 1:3 with 
a RB1/PTEN negative population respectively, by age (+/- 5 
years), sex, year of cfDNA test, and line of therapy. Log-rank 
tests were used to assess differences in time to discontinuation 
(TTD) and time to next treatment (TTNT). 
RESULTS: Differences in the frequencies of certain alts 
detected in pts pre- and post-CDK4/6i or PI3Ki treatment are 
shown (Table). Pts with RB1 LOF alts prior to the start of 
CDK4/6i had significantly worse TTD and numerically worse 
TTNT versus controls (TTD = 3 mos vs 4.7 mos, p=0.018; TTNT = 
7.3 mos vs 8 mos, p=0.082). Pts with PTEN LOF alts prior to start 
of PI3Ki had no significant difference in TTD or TTNT versus 
controls (TTD = 4.1 mos vs 4.1 mos, p=0.92; TTNT = 7.4 mos vs 7 
mos, p=0.32). Notably, 54% of pts receiving CDK4/6i and 84% of 
pts receiving PI3Ki were on their third or later line of therapy. 
CONCLUSIONS: Using cfDNA, we were able to further 
characterize the resistance landscape of both CDK4/6i and 
PI3Ki, and identified specific ESR1, RB1 and PTEN alterations 
that appear likely to occur under the pressure of therapy. Our 
real-world analysis examining RB1 LOF alts added further 
evidence to suggest it may be both a primary and acquired 
resistance mechanism to CDK4/6i. As a non-invasive 
alternative to tissue biopsies, this data further illustrates that 
cfDNA can provide unique insight into tumor evolution and 
disease progression in the aBC setting.
Circulating Tumor Cells-driven choice of first line therapy for ER+ 
HER2- metastatic breast cancer: Overall survival analysis of the 
randomized STIC CTC trial 

Citation: SABCS GS3-09 
Author: Bidard F-C

BACKGROUND: High circulating tumor cell (CTC) count 
(CTChigh) is a strong adverse prognostic factor in patients with 
metastatic breast cancer (mBC). In the STIC CTC trial 
(NCT01710605), run before the introduction of CDK4/6 
inhibitors for ER+/HER2- mBC, we showed that CTC count (CTC 
arm) was non inferior to clinician’s choice (standard arm) on 
progression-free survival (PFS) to guide first line treatment 
selection between chemotherapy (CT) and endocrine therapy 
(ET) (Bidard et al., JAMA Oncol 2021). Of note, patients who had 
treatment escalated from ET (a priori clinician choice) to CT in 
the CTC arm, had a significantly longer PFS. We report here 
overall survival (OS) results of this multicenter CTC clinical 
utility trial.
METHODS: In the CTC arm, N=377 patients had their treatment 
determined by baseline CTC count: CT if CTChigh (≥5 CTCs/7.5 
mL, CellSearch®), ET if CTClow. In the standard arm (N=378 
patients), the choice was left to the investigator: CT if clinical 
high risk (Clinhigh), ET if clinical low risk (Clinlow). Therefore, 
patients with discordant Clinlow/CTChigh or Clinhigh/CTClow 
profiles had their first line treatment escalated from ET 
(standard arm) to CT (CTC arm) or de-escalated from CT 
(standard arm) to ET (CTC arm), respectively. Patients with 
concordant Clinlow/CTClow and Clinhigh/CTChigh profiles 
received ET and CT in both arms, respectively.
RESULTS: Among 755 randomized patients, N=189 (25.0%) had a 
Clinlow/CTChigh profile, N=103 (13.6%) Clinhigh/CTClow, N=363 
(48.2%) Clinlow/CTClow and N=100 (13.2%) Clinhigh/CTChigh. 
OS was analyzed after a median follow-up of 57 months and 
382 events (50.6%). In the Clinlow/CTChigh subgroup, CT in the 
CTC arm led a longer OS (mOS: 51.8 months [43.3-NR]) than ET 

of 12.4 months. MRD was not identified in one patient (1.2%) 
with local recurrence. Two of eight MRD-positive patients had 
not had clinical recurrence at last follow-up.
CONCLUSION: In this prospective study, in patients with 
high-risk HR+ BC in the late adjuvant setting, ctDNA was 
identified a median of 1 year before all cases of distant 
metastasis. Future studies will determine if ctDNA-guided 
intervention in patients with HR+ BC can alter clinical 
outcomes
Use of real-world data (RWD) to assess the utility of cell-free 
circulating tumor DNA (cfDNA) in identifying resistance to early 
treatment in advanced breast cancer (aBC).

Citation: ASCO 2022 Abstract 1011 
Author: Seth Andrew Wander 
BACKGROUND: The approvals of CDK4/6 inhibitors (CDK4/6i) 
and alpelisib (a PI3Ka inhibitor, PI3Ki) have overhauled early 
treatment of hormone positive aBC. While some clinical trials 
have investigated mechanisms of resistance to these drugs, 
their impact on tumor evolution requires further exploration. 
Here we use cfDNA to examine molecular changes pre- and 
post-CDK4/6i or PI3Ki treatment and use RWD to assess the 
impact of putative resistance alterations on response to 
treatment. 
METHODS: Patients (pts) with aBC were identified via the 
Guardant INFORM database and included if they had a cfDNA 
test within 90 days prior to therapy initiation and/or 90 days 
after therapy discontinuation with CDK4/6i or PI3Ki. Pts with 
RB1 loss of function (LOF) alterations (alts) who received 
CDK4/6i and pts with PTEN LOF alts who received PI3Ki were 

in the standard arm (35.4 months [30.4-45.4]; HR=0.53 
[0.36-0.78], p=0.001). In patients Clinhigh/CTClow, no significant 
difference was observed whether they received CT (standard 
arm) or ET (CTC arm) (45.9 months [36.3-59.8] vs 49.4 months 
[35.4-65.4]; HR=0.88 [0.51-1.51], p=0.63). Pooling the two 
discordant groups (Clinlow/CTChigh or Clinhigh/CTClow), the 
CTC-driven strategy was superior to the clinician-driven 
treatment decision (HR=0.63 [0.46-0.86], p=0.02). Pooling all 
concordant and discordant groups together, a median OS of 
45.5 (95%CI=[40.9-51.1]) and 51.3 months [46.8-55.1] was 
observed in the standard and CTC arms, respectively (HR=0.84 
[0.69-1.03], p=0.10).
CONCLUSIONS: Prognostic information brought by CTC or 
standard factors is discordant in 40% of patients with ER+ 
HER2- mBC. In case of a discordant estimate, the STIC CTC trial 
shows the superiority on OS of the CTC-driven treatment 
decision strategy. These results also suggest a possible clinical 
utility of CTC to adjust systemic treatment for mBC in second 
and later lines, after progression on CDK4/6 inhibitors.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Circulating tumor DNA (ctDNA) and serum thymidine kinase 1 
activity (TKa) matched dynamics in patients (pts) with hormone 
receptor–positive (HR+), human epidermal growth factor 
2–negative (HER2-) advanced breast cancer (ABC) treated in 
first-line (1L) with ribociclib (RIB) and letrozole (LET) in the 
BioItaLEE trial.

Citation: ASCO 2022 Abstract 1012 
Author: Grazia Arpino
BACKGROUND: Independent early dynamic assessment 
(baseline [D0] and day 15 of first cycle [D15]) of both TKa and 
ctDNA was prognostic and predictive in pts with HR+, HER2− 
ABC treated with RIB+LET enrolled in the BioItaLEE trial 
(NCT03439046). Here we performed a combined analysis of 
these two biomarkers. 
METHODS: 287 pts were enrolled in the study. Overall, early 
dynamics were assessable for both biomarkers in 241/287 pts 
(84.0%). Methods applied for ctDNA and TKa evaluation were 
previously reported. For ctDNA, samples were defined as wild 
type (WT) if no mutations were observed at D0 and D15, ctDNA 
positive (+) if with or negative (-) if without a primary target 
mutation at D15. Samples were TKa+ or TKa- if TKa levels were 
above or below the limit of detection at D15. According to 
ctDNA and TKa pts were classified as: WT/TKa-, WT/TKa+, 
ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- and ctDNA+/TKa+ 
and then divided into 3 main study groups (GRs) WT/TKa- (GR1, 
n = 126), WT/TKa+, ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- 
(GR2, n = 96) and ctDNA+/TKa+ (GR3, n = 19). The association 

between biomarkers and PFS (progression-free survival) was 
estimated using Kaplan-Meier analysis and multivariate Cox 
models with 95% confidence intervals (CIs) adjusted for clinical 
variables. 
RESULTS: Median follow-up was 26.9 months. In multivariate 
Cox models both TKa dynamics and mutational tumor burden 
at D15 were independently predictive of PFS. Hazard ratios 
(HRs) were 0.37 (95% CI: 0.23-0.60; p < 0.0001) for WT vs ctDNA+ 
and 0.56 (95% CI: 0.32-1.00; p = 0.0506) for ctDNA- vs ctDNA+. 
For TKa, HR was 0.49 (95% CI: 0.30-0.80; p = 0.0040) in TKa- vs 
TKa+. Interestingly combining the two variables further 
improve prediction of outcome. HRs for TKa- vs TKa+ were 0.17 
(95% CI: 0.09-0.32; p < 0.0001), 0.28 (95% CI: 0.13-0.59; p = 0.0009) 
and 0.44 (95% CI: 0.23-0.86; p = 0.0169) in WT, ctDNA- and 
ctDNA+ pts, respectively. Considering the 3 study GRs, median 
PFSs (95% CI) were not reached (27.89, NE), 19.58 (13.83, 23.39) 
and 6.65 (2.83, 12.16) months in GR1, GR2 and GR3, respectively, 
p < 0.001. At multivariate Cox models, HRs of GR1 and GR2 
compared with GR3 were 0.17 (95% CI: 0.09-0.32; p < 0.0001) and 
0.37 (95% CI: 0.20-0.67; p = 0.001) respectively. 
CONCLUSIONS: These findings suggest that combining the 
early dynamic assessment of both ctDNA and TKa may 
improve outcome prediction in pts treated with RIB+LET. Pts 
with ctDNA+/TKa+ are strongly enriched for non-responders. 
TKa and ctDNA capture different features of tumor biological 
activity and their combination warrants further evaluation in 
relation to other treatments, settings, and diseases.

Circulating Tumor DNA and Late Recurrence in High-Risk 
Hormone Receptor-Positive, Human Epidermal Growth Factor 
Receptor 2-Negative Breast Cancer 

Citation: J ClinOncol. 2022 Aug 1;40(22):2408-2419. 
Author: Marla Lipsyc-Sharf
PURPOSE: To examine the prevalence and dynamics of 
circulating tumor DNA (ctDNA) and its association with 
metastatic recurrence in patients with high-risk early-stage 
hormone receptor-positive breast cancer (HR+ BC) more than 5 
years from diagnosis.
METHODS: We enrolled 103 patients with high-risk stage II-III 
HR+ BC diagnosed more than 5 years prior without clinical 
evidence of recurrence. We performed whole-exome 
sequencing (WES) on primary tumor tissue to identify somatic 
mutations tracked via a personalized, tumor-informed ctDNA 
test to detect minimal residual disease (MRD). We collected 
plasma at the time of consent and at routine visits every 6-12 
months. Patients were followed for clinical recurrence.
RESULTS: In total, 85 of 103 patients had sufficient tumor tissue; 
of them, 83 of 85 (97.6%) patients had successful whole-exome 
sequencing. Personalized ctDNA assays were designed 
targeting a median of 36 variants to test 219 plasma samples. 
The median time from diagnosis to first sample was 8.4 years. 
The median follow-up was 10.4 years from diagnosis and 2.0 
years from first sample. The median number of plasma 
samples per patient was two. Eight patients (10%) had positive 
MRD testing at any time point. Six patients (7.2%) developed 
distant metastatic recurrence, all of whom were MRD-positive 
before overt clinical recurrence, with median ctDNA lead time 

separately identified, and these cohorts were matched 1:3 with 
a RB1/PTEN negative population respectively, by age (+/- 5 
years), sex, year of cfDNA test, and line of therapy. Log-rank 
tests were used to assess differences in time to discontinuation 
(TTD) and time to next treatment (TTNT). 
RESULTS: Differences in the frequencies of certain alts 
detected in pts pre- and post-CDK4/6i or PI3Ki treatment are 
shown (Table). Pts with RB1 LOF alts prior to the start of 
CDK4/6i had significantly worse TTD and numerically worse 
TTNT versus controls (TTD = 3 mos vs 4.7 mos, p=0.018; TTNT = 
7.3 mos vs 8 mos, p=0.082). Pts with PTEN LOF alts prior to start 
of PI3Ki had no significant difference in TTD or TTNT versus 
controls (TTD = 4.1 mos vs 4.1 mos, p=0.92; TTNT = 7.4 mos vs 7 
mos, p=0.32). Notably, 54% of pts receiving CDK4/6i and 84% of 
pts receiving PI3Ki were on their third or later line of therapy. 
CONCLUSIONS: Using cfDNA, we were able to further 
characterize the resistance landscape of both CDK4/6i and 
PI3Ki, and identified specific ESR1, RB1 and PTEN alterations 
that appear likely to occur under the pressure of therapy. Our 
real-world analysis examining RB1 LOF alts added further 
evidence to suggest it may be both a primary and acquired 
resistance mechanism to CDK4/6i. As a non-invasive 
alternative to tissue biopsies, this data further illustrates that 
cfDNA can provide unique insight into tumor evolution and 
disease progression in the aBC setting.
Circulating Tumor Cells-driven choice of first line therapy for ER+ 
HER2- metastatic breast cancer: Overall survival analysis of the 
randomized STIC CTC trial 

Citation: SABCS GS3-09 
Author: Bidard F-C

BACKGROUND: High circulating tumor cell (CTC) count 
(CTChigh) is a strong adverse prognostic factor in patients with 
metastatic breast cancer (mBC). In the STIC CTC trial 
(NCT01710605), run before the introduction of CDK4/6 
inhibitors for ER+/HER2- mBC, we showed that CTC count (CTC 
arm) was non inferior to clinician’s choice (standard arm) on 
progression-free survival (PFS) to guide first line treatment 
selection between chemotherapy (CT) and endocrine therapy 
(ET) (Bidard et al., JAMA Oncol 2021). Of note, patients who had 
treatment escalated from ET (a priori clinician choice) to CT in 
the CTC arm, had a significantly longer PFS. We report here 
overall survival (OS) results of this multicenter CTC clinical 
utility trial.
METHODS: In the CTC arm, N=377 patients had their treatment 
determined by baseline CTC count: CT if CTChigh (≥5 CTCs/7.5 
mL, CellSearch®), ET if CTClow. In the standard arm (N=378 
patients), the choice was left to the investigator: CT if clinical 
high risk (Clinhigh), ET if clinical low risk (Clinlow). Therefore, 
patients with discordant Clinlow/CTChigh or Clinhigh/CTClow 
profiles had their first line treatment escalated from ET 
(standard arm) to CT (CTC arm) or de-escalated from CT 
(standard arm) to ET (CTC arm), respectively. Patients with 
concordant Clinlow/CTClow and Clinhigh/CTChigh profiles 
received ET and CT in both arms, respectively.
RESULTS: Among 755 randomized patients, N=189 (25.0%) had a 
Clinlow/CTChigh profile, N=103 (13.6%) Clinhigh/CTClow, N=363 
(48.2%) Clinlow/CTClow and N=100 (13.2%) Clinhigh/CTChigh. 
OS was analyzed after a median follow-up of 57 months and 
382 events (50.6%). In the Clinlow/CTChigh subgroup, CT in the 
CTC arm led a longer OS (mOS: 51.8 months [43.3-NR]) than ET 

of 12.4 months. MRD was not identified in one patient (1.2%) 
with local recurrence. Two of eight MRD-positive patients had 
not had clinical recurrence at last follow-up.
CONCLUSION: In this prospective study, in patients with 
high-risk HR+ BC in the late adjuvant setting, ctDNA was 
identified a median of 1 year before all cases of distant 
metastasis. Future studies will determine if ctDNA-guided 
intervention in patients with HR+ BC can alter clinical 
outcomes
Use of real-world data (RWD) to assess the utility of cell-free 
circulating tumor DNA (cfDNA) in identifying resistance to early 
treatment in advanced breast cancer (aBC).

Citation: ASCO 2022 Abstract 1011 
Author: Seth Andrew Wander 
BACKGROUND: The approvals of CDK4/6 inhibitors (CDK4/6i) 
and alpelisib (a PI3Ka inhibitor, PI3Ki) have overhauled early 
treatment of hormone positive aBC. While some clinical trials 
have investigated mechanisms of resistance to these drugs, 
their impact on tumor evolution requires further exploration. 
Here we use cfDNA to examine molecular changes pre- and 
post-CDK4/6i or PI3Ki treatment and use RWD to assess the 
impact of putative resistance alterations on response to 
treatment. 
METHODS: Patients (pts) with aBC were identified via the 
Guardant INFORM database and included if they had a cfDNA 
test within 90 days prior to therapy initiation and/or 90 days 
after therapy discontinuation with CDK4/6i or PI3Ki. Pts with 
RB1 loss of function (LOF) alterations (alts) who received 
CDK4/6i and pts with PTEN LOF alts who received PI3Ki were 

in the standard arm (35.4 months [30.4-45.4]; HR=0.53 
[0.36-0.78], p=0.001). In patients Clinhigh/CTClow, no significant 
difference was observed whether they received CT (standard 
arm) or ET (CTC arm) (45.9 months [36.3-59.8] vs 49.4 months 
[35.4-65.4]; HR=0.88 [0.51-1.51], p=0.63). Pooling the two 
discordant groups (Clinlow/CTChigh or Clinhigh/CTClow), the 
CTC-driven strategy was superior to the clinician-driven 
treatment decision (HR=0.63 [0.46-0.86], p=0.02). Pooling all 
concordant and discordant groups together, a median OS of 
45.5 (95%CI=[40.9-51.1]) and 51.3 months [46.8-55.1] was 
observed in the standard and CTC arms, respectively (HR=0.84 
[0.69-1.03], p=0.10).
CONCLUSIONS: Prognostic information brought by CTC or 
standard factors is discordant in 40% of patients with ER+ 
HER2- mBC. In case of a discordant estimate, the STIC CTC trial 
shows the superiority on OS of the CTC-driven treatment 
decision strategy. These results also suggest a possible clinical 
utility of CTC to adjust systemic treatment for mBC in second 
and later lines, after progression on CDK4/6 inhibitors.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
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BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy
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PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer
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BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Circulating tumor DNA (ctDNA) and serum thymidine kinase 1 
activity (TKa) matched dynamics in patients (pts) with hormone 
receptor–positive (HR+), human epidermal growth factor 
2–negative (HER2-) advanced breast cancer (ABC) treated in 
first-line (1L) with ribociclib (RIB) and letrozole (LET) in the 
BioItaLEE trial.
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BACKGROUND: Independent early dynamic assessment 
(baseline [D0] and day 15 of first cycle [D15]) of both TKa and 
ctDNA was prognostic and predictive in pts with HR+, HER2− 
ABC treated with RIB+LET enrolled in the BioItaLEE trial 
(NCT03439046). Here we performed a combined analysis of 
these two biomarkers. 
METHODS: 287 pts were enrolled in the study. Overall, early 
dynamics were assessable for both biomarkers in 241/287 pts 
(84.0%). Methods applied for ctDNA and TKa evaluation were 
previously reported. For ctDNA, samples were defined as wild 
type (WT) if no mutations were observed at D0 and D15, ctDNA 
positive (+) if with or negative (-) if without a primary target 
mutation at D15. Samples were TKa+ or TKa- if TKa levels were 
above or below the limit of detection at D15. According to 
ctDNA and TKa pts were classified as: WT/TKa-, WT/TKa+, 
ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- and ctDNA+/TKa+ 
and then divided into 3 main study groups (GRs) WT/TKa- (GR1, 
n = 126), WT/TKa+, ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- 
(GR2, n = 96) and ctDNA+/TKa+ (GR3, n = 19). The association 

between biomarkers and PFS (progression-free survival) was 
estimated using Kaplan-Meier analysis and multivariate Cox 
models with 95% confidence intervals (CIs) adjusted for clinical 
variables. 
RESULTS: Median follow-up was 26.9 months. In multivariate 
Cox models both TKa dynamics and mutational tumor burden 
at D15 were independently predictive of PFS. Hazard ratios 
(HRs) were 0.37 (95% CI: 0.23-0.60; p < 0.0001) for WT vs ctDNA+ 
and 0.56 (95% CI: 0.32-1.00; p = 0.0506) for ctDNA- vs ctDNA+. 
For TKa, HR was 0.49 (95% CI: 0.30-0.80; p = 0.0040) in TKa- vs 
TKa+. Interestingly combining the two variables further 
improve prediction of outcome. HRs for TKa- vs TKa+ were 0.17 
(95% CI: 0.09-0.32; p < 0.0001), 0.28 (95% CI: 0.13-0.59; p = 0.0009) 
and 0.44 (95% CI: 0.23-0.86; p = 0.0169) in WT, ctDNA- and 
ctDNA+ pts, respectively. Considering the 3 study GRs, median 
PFSs (95% CI) were not reached (27.89, NE), 19.58 (13.83, 23.39) 
and 6.65 (2.83, 12.16) months in GR1, GR2 and GR3, respectively, 
p < 0.001. At multivariate Cox models, HRs of GR1 and GR2 
compared with GR3 were 0.17 (95% CI: 0.09-0.32; p < 0.0001) and 
0.37 (95% CI: 0.20-0.67; p = 0.001) respectively. 
CONCLUSIONS: These findings suggest that combining the 
early dynamic assessment of both ctDNA and TKa may 
improve outcome prediction in pts treated with RIB+LET. Pts 
with ctDNA+/TKa+ are strongly enriched for non-responders. 
TKa and ctDNA capture different features of tumor biological 
activity and their combination warrants further evaluation in 
relation to other treatments, settings, and diseases.

Circulating Tumor DNA and Late Recurrence in High-Risk 
Hormone Receptor-Positive, Human Epidermal Growth Factor 
Receptor 2-Negative Breast Cancer 
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PURPOSE: To examine the prevalence and dynamics of 
circulating tumor DNA (ctDNA) and its association with 
metastatic recurrence in patients with high-risk early-stage 
hormone receptor-positive breast cancer (HR+ BC) more than 5 
years from diagnosis.
METHODS: We enrolled 103 patients with high-risk stage II-III 
HR+ BC diagnosed more than 5 years prior without clinical 
evidence of recurrence. We performed whole-exome 
sequencing (WES) on primary tumor tissue to identify somatic 
mutations tracked via a personalized, tumor-informed ctDNA 
test to detect minimal residual disease (MRD). We collected 
plasma at the time of consent and at routine visits every 6-12 
months. Patients were followed for clinical recurrence.
RESULTS: In total, 85 of 103 patients had sufficient tumor tissue; 
of them, 83 of 85 (97.6%) patients had successful whole-exome 
sequencing. Personalized ctDNA assays were designed 
targeting a median of 36 variants to test 219 plasma samples. 
The median time from diagnosis to first sample was 8.4 years. 
The median follow-up was 10.4 years from diagnosis and 2.0 
years from first sample. The median number of plasma 
samples per patient was two. Eight patients (10%) had positive 
MRD testing at any time point. Six patients (7.2%) developed 
distant metastatic recurrence, all of whom were MRD-positive 
before overt clinical recurrence, with median ctDNA lead time 

separately identified, and these cohorts were matched 1:3 with 
a RB1/PTEN negative population respectively, by age (+/- 5 
years), sex, year of cfDNA test, and line of therapy. Log-rank 
tests were used to assess differences in time to discontinuation 
(TTD) and time to next treatment (TTNT). 
RESULTS: Differences in the frequencies of certain alts 
detected in pts pre- and post-CDK4/6i or PI3Ki treatment are 
shown (Table). Pts with RB1 LOF alts prior to the start of 
CDK4/6i had significantly worse TTD and numerically worse 
TTNT versus controls (TTD = 3 mos vs 4.7 mos, p=0.018; TTNT = 
7.3 mos vs 8 mos, p=0.082). Pts with PTEN LOF alts prior to start 
of PI3Ki had no significant difference in TTD or TTNT versus 
controls (TTD = 4.1 mos vs 4.1 mos, p=0.92; TTNT = 7.4 mos vs 7 
mos, p=0.32). Notably, 54% of pts receiving CDK4/6i and 84% of 
pts receiving PI3Ki were on their third or later line of therapy. 
CONCLUSIONS: Using cfDNA, we were able to further 
characterize the resistance landscape of both CDK4/6i and 
PI3Ki, and identified specific ESR1, RB1 and PTEN alterations 
that appear likely to occur under the pressure of therapy. Our 
real-world analysis examining RB1 LOF alts added further 
evidence to suggest it may be both a primary and acquired 
resistance mechanism to CDK4/6i. As a non-invasive 
alternative to tissue biopsies, this data further illustrates that 
cfDNA can provide unique insight into tumor evolution and 
disease progression in the aBC setting.
Circulating Tumor Cells-driven choice of first line therapy for ER+ 
HER2- metastatic breast cancer: Overall survival analysis of the 
randomized STIC CTC trial 
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BACKGROUND: High circulating tumor cell (CTC) count 
(CTChigh) is a strong adverse prognostic factor in patients with 
metastatic breast cancer (mBC). In the STIC CTC trial 
(NCT01710605), run before the introduction of CDK4/6 
inhibitors for ER+/HER2- mBC, we showed that CTC count (CTC 
arm) was non inferior to clinician’s choice (standard arm) on 
progression-free survival (PFS) to guide first line treatment 
selection between chemotherapy (CT) and endocrine therapy 
(ET) (Bidard et al., JAMA Oncol 2021). Of note, patients who had 
treatment escalated from ET (a priori clinician choice) to CT in 
the CTC arm, had a significantly longer PFS. We report here 
overall survival (OS) results of this multicenter CTC clinical 
utility trial.
METHODS: In the CTC arm, N=377 patients had their treatment 
determined by baseline CTC count: CT if CTChigh (≥5 CTCs/7.5 
mL, CellSearch®), ET if CTClow. In the standard arm (N=378 
patients), the choice was left to the investigator: CT if clinical 
high risk (Clinhigh), ET if clinical low risk (Clinlow). Therefore, 
patients with discordant Clinlow/CTChigh or Clinhigh/CTClow 
profiles had their first line treatment escalated from ET 
(standard arm) to CT (CTC arm) or de-escalated from CT 
(standard arm) to ET (CTC arm), respectively. Patients with 
concordant Clinlow/CTClow and Clinhigh/CTChigh profiles 
received ET and CT in both arms, respectively.
RESULTS: Among 755 randomized patients, N=189 (25.0%) had a 
Clinlow/CTChigh profile, N=103 (13.6%) Clinhigh/CTClow, N=363 
(48.2%) Clinlow/CTClow and N=100 (13.2%) Clinhigh/CTChigh. 
OS was analyzed after a median follow-up of 57 months and 
382 events (50.6%). In the Clinlow/CTChigh subgroup, CT in the 
CTC arm led a longer OS (mOS: 51.8 months [43.3-NR]) than ET 

of 12.4 months. MRD was not identified in one patient (1.2%) 
with local recurrence. Two of eight MRD-positive patients had 
not had clinical recurrence at last follow-up.
CONCLUSION: In this prospective study, in patients with 
high-risk HR+ BC in the late adjuvant setting, ctDNA was 
identified a median of 1 year before all cases of distant 
metastasis. Future studies will determine if ctDNA-guided 
intervention in patients with HR+ BC can alter clinical 
outcomes
Use of real-world data (RWD) to assess the utility of cell-free 
circulating tumor DNA (cfDNA) in identifying resistance to early 
treatment in advanced breast cancer (aBC).

Citation: ASCO 2022 Abstract 1011 
Author: Seth Andrew Wander 
BACKGROUND: The approvals of CDK4/6 inhibitors (CDK4/6i) 
and alpelisib (a PI3Ka inhibitor, PI3Ki) have overhauled early 
treatment of hormone positive aBC. While some clinical trials 
have investigated mechanisms of resistance to these drugs, 
their impact on tumor evolution requires further exploration. 
Here we use cfDNA to examine molecular changes pre- and 
post-CDK4/6i or PI3Ki treatment and use RWD to assess the 
impact of putative resistance alterations on response to 
treatment. 
METHODS: Patients (pts) with aBC were identified via the 
Guardant INFORM database and included if they had a cfDNA 
test within 90 days prior to therapy initiation and/or 90 days 
after therapy discontinuation with CDK4/6i or PI3Ki. Pts with 
RB1 loss of function (LOF) alterations (alts) who received 
CDK4/6i and pts with PTEN LOF alts who received PI3Ki were 

in the standard arm (35.4 months [30.4-45.4]; HR=0.53 
[0.36-0.78], p=0.001). In patients Clinhigh/CTClow, no significant 
difference was observed whether they received CT (standard 
arm) or ET (CTC arm) (45.9 months [36.3-59.8] vs 49.4 months 
[35.4-65.4]; HR=0.88 [0.51-1.51], p=0.63). Pooling the two 
discordant groups (Clinlow/CTChigh or Clinhigh/CTClow), the 
CTC-driven strategy was superior to the clinician-driven 
treatment decision (HR=0.63 [0.46-0.86], p=0.02). Pooling all 
concordant and discordant groups together, a median OS of 
45.5 (95%CI=[40.9-51.1]) and 51.3 months [46.8-55.1] was 
observed in the standard and CTC arms, respectively (HR=0.84 
[0.69-1.03], p=0.10).
CONCLUSIONS: Prognostic information brought by CTC or 
standard factors is discordant in 40% of patients with ER+ 
HER2- mBC. In case of a discordant estimate, the STIC CTC trial 
shows the superiority on OS of the CTC-driven treatment 
decision strategy. These results also suggest a possible clinical 
utility of CTC to adjust systemic treatment for mBC in second 
and later lines, after progression on CDK4/6 inhibitors.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Circulating tumor DNA (ctDNA) and serum thymidine kinase 1 
activity (TKa) matched dynamics in patients (pts) with hormone 
receptor–positive (HR+), human epidermal growth factor 
2–negative (HER2-) advanced breast cancer (ABC) treated in 
first-line (1L) with ribociclib (RIB) and letrozole (LET) in the 
BioItaLEE trial.

Citation: ASCO 2022 Abstract 1012 
Author: Grazia Arpino
BACKGROUND: Independent early dynamic assessment 
(baseline [D0] and day 15 of first cycle [D15]) of both TKa and 
ctDNA was prognostic and predictive in pts with HR+, HER2− 
ABC treated with RIB+LET enrolled in the BioItaLEE trial 
(NCT03439046). Here we performed a combined analysis of 
these two biomarkers. 
METHODS: 287 pts were enrolled in the study. Overall, early 
dynamics were assessable for both biomarkers in 241/287 pts 
(84.0%). Methods applied for ctDNA and TKa evaluation were 
previously reported. For ctDNA, samples were defined as wild 
type (WT) if no mutations were observed at D0 and D15, ctDNA 
positive (+) if with or negative (-) if without a primary target 
mutation at D15. Samples were TKa+ or TKa- if TKa levels were 
above or below the limit of detection at D15. According to 
ctDNA and TKa pts were classified as: WT/TKa-, WT/TKa+, 
ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- and ctDNA+/TKa+ 
and then divided into 3 main study groups (GRs) WT/TKa- (GR1, 
n = 126), WT/TKa+, ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- 
(GR2, n = 96) and ctDNA+/TKa+ (GR3, n = 19). The association 

between biomarkers and PFS (progression-free survival) was 
estimated using Kaplan-Meier analysis and multivariate Cox 
models with 95% confidence intervals (CIs) adjusted for clinical 
variables. 
RESULTS: Median follow-up was 26.9 months. In multivariate 
Cox models both TKa dynamics and mutational tumor burden 
at D15 were independently predictive of PFS. Hazard ratios 
(HRs) were 0.37 (95% CI: 0.23-0.60; p < 0.0001) for WT vs ctDNA+ 
and 0.56 (95% CI: 0.32-1.00; p = 0.0506) for ctDNA- vs ctDNA+. 
For TKa, HR was 0.49 (95% CI: 0.30-0.80; p = 0.0040) in TKa- vs 
TKa+. Interestingly combining the two variables further 
improve prediction of outcome. HRs for TKa- vs TKa+ were 0.17 
(95% CI: 0.09-0.32; p < 0.0001), 0.28 (95% CI: 0.13-0.59; p = 0.0009) 
and 0.44 (95% CI: 0.23-0.86; p = 0.0169) in WT, ctDNA- and 
ctDNA+ pts, respectively. Considering the 3 study GRs, median 
PFSs (95% CI) were not reached (27.89, NE), 19.58 (13.83, 23.39) 
and 6.65 (2.83, 12.16) months in GR1, GR2 and GR3, respectively, 
p < 0.001. At multivariate Cox models, HRs of GR1 and GR2 
compared with GR3 were 0.17 (95% CI: 0.09-0.32; p < 0.0001) and 
0.37 (95% CI: 0.20-0.67; p = 0.001) respectively. 
CONCLUSIONS: These findings suggest that combining the 
early dynamic assessment of both ctDNA and TKa may 
improve outcome prediction in pts treated with RIB+LET. Pts 
with ctDNA+/TKa+ are strongly enriched for non-responders. 
TKa and ctDNA capture different features of tumor biological 
activity and their combination warrants further evaluation in 
relation to other treatments, settings, and diseases.

Circulating Tumor DNA and Late Recurrence in High-Risk 
Hormone Receptor-Positive, Human Epidermal Growth Factor 
Receptor 2-Negative Breast Cancer 

Citation: J ClinOncol. 2022 Aug 1;40(22):2408-2419. 
Author: Marla Lipsyc-Sharf
PURPOSE: To examine the prevalence and dynamics of 
circulating tumor DNA (ctDNA) and its association with 
metastatic recurrence in patients with high-risk early-stage 
hormone receptor-positive breast cancer (HR+ BC) more than 5 
years from diagnosis.
METHODS: We enrolled 103 patients with high-risk stage II-III 
HR+ BC diagnosed more than 5 years prior without clinical 
evidence of recurrence. We performed whole-exome 
sequencing (WES) on primary tumor tissue to identify somatic 
mutations tracked via a personalized, tumor-informed ctDNA 
test to detect minimal residual disease (MRD). We collected 
plasma at the time of consent and at routine visits every 6-12 
months. Patients were followed for clinical recurrence.
RESULTS: In total, 85 of 103 patients had sufficient tumor tissue; 
of them, 83 of 85 (97.6%) patients had successful whole-exome 
sequencing. Personalized ctDNA assays were designed 
targeting a median of 36 variants to test 219 plasma samples. 
The median time from diagnosis to first sample was 8.4 years. 
The median follow-up was 10.4 years from diagnosis and 2.0 
years from first sample. The median number of plasma 
samples per patient was two. Eight patients (10%) had positive 
MRD testing at any time point. Six patients (7.2%) developed 
distant metastatic recurrence, all of whom were MRD-positive 
before overt clinical recurrence, with median ctDNA lead time 

separately identified, and these cohorts were matched 1:3 with 
a RB1/PTEN negative population respectively, by age (+/- 5 
years), sex, year of cfDNA test, and line of therapy. Log-rank 
tests were used to assess differences in time to discontinuation 
(TTD) and time to next treatment (TTNT). 
RESULTS: Differences in the frequencies of certain alts 
detected in pts pre- and post-CDK4/6i or PI3Ki treatment are 
shown (Table). Pts with RB1 LOF alts prior to the start of 
CDK4/6i had significantly worse TTD and numerically worse 
TTNT versus controls (TTD = 3 mos vs 4.7 mos, p=0.018; TTNT = 
7.3 mos vs 8 mos, p=0.082). Pts with PTEN LOF alts prior to start 
of PI3Ki had no significant difference in TTD or TTNT versus 
controls (TTD = 4.1 mos vs 4.1 mos, p=0.92; TTNT = 7.4 mos vs 7 
mos, p=0.32). Notably, 54% of pts receiving CDK4/6i and 84% of 
pts receiving PI3Ki were on their third or later line of therapy. 
CONCLUSIONS: Using cfDNA, we were able to further 
characterize the resistance landscape of both CDK4/6i and 
PI3Ki, and identified specific ESR1, RB1 and PTEN alterations 
that appear likely to occur under the pressure of therapy. Our 
real-world analysis examining RB1 LOF alts added further 
evidence to suggest it may be both a primary and acquired 
resistance mechanism to CDK4/6i. As a non-invasive 
alternative to tissue biopsies, this data further illustrates that 
cfDNA can provide unique insight into tumor evolution and 
disease progression in the aBC setting.
Circulating Tumor Cells-driven choice of first line therapy for ER+ 
HER2- metastatic breast cancer: Overall survival analysis of the 
randomized STIC CTC trial 

Citation: SABCS GS3-09 
Author: Bidard F-C

BACKGROUND: High circulating tumor cell (CTC) count 
(CTChigh) is a strong adverse prognostic factor in patients with 
metastatic breast cancer (mBC). In the STIC CTC trial 
(NCT01710605), run before the introduction of CDK4/6 
inhibitors for ER+/HER2- mBC, we showed that CTC count (CTC 
arm) was non inferior to clinician’s choice (standard arm) on 
progression-free survival (PFS) to guide first line treatment 
selection between chemotherapy (CT) and endocrine therapy 
(ET) (Bidard et al., JAMA Oncol 2021). Of note, patients who had 
treatment escalated from ET (a priori clinician choice) to CT in 
the CTC arm, had a significantly longer PFS. We report here 
overall survival (OS) results of this multicenter CTC clinical 
utility trial.
METHODS: In the CTC arm, N=377 patients had their treatment 
determined by baseline CTC count: CT if CTChigh (≥5 CTCs/7.5 
mL, CellSearch®), ET if CTClow. In the standard arm (N=378 
patients), the choice was left to the investigator: CT if clinical 
high risk (Clinhigh), ET if clinical low risk (Clinlow). Therefore, 
patients with discordant Clinlow/CTChigh or Clinhigh/CTClow 
profiles had their first line treatment escalated from ET 
(standard arm) to CT (CTC arm) or de-escalated from CT 
(standard arm) to ET (CTC arm), respectively. Patients with 
concordant Clinlow/CTClow and Clinhigh/CTChigh profiles 
received ET and CT in both arms, respectively.
RESULTS: Among 755 randomized patients, N=189 (25.0%) had a 
Clinlow/CTChigh profile, N=103 (13.6%) Clinhigh/CTClow, N=363 
(48.2%) Clinlow/CTClow and N=100 (13.2%) Clinhigh/CTChigh. 
OS was analyzed after a median follow-up of 57 months and 
382 events (50.6%). In the Clinlow/CTChigh subgroup, CT in the 
CTC arm led a longer OS (mOS: 51.8 months [43.3-NR]) than ET 

of 12.4 months. MRD was not identified in one patient (1.2%) 
with local recurrence. Two of eight MRD-positive patients had 
not had clinical recurrence at last follow-up.
CONCLUSION: In this prospective study, in patients with 
high-risk HR+ BC in the late adjuvant setting, ctDNA was 
identified a median of 1 year before all cases of distant 
metastasis. Future studies will determine if ctDNA-guided 
intervention in patients with HR+ BC can alter clinical 
outcomes
Use of real-world data (RWD) to assess the utility of cell-free 
circulating tumor DNA (cfDNA) in identifying resistance to early 
treatment in advanced breast cancer (aBC).

Citation: ASCO 2022 Abstract 1011 
Author: Seth Andrew Wander 
BACKGROUND: The approvals of CDK4/6 inhibitors (CDK4/6i) 
and alpelisib (a PI3Ka inhibitor, PI3Ki) have overhauled early 
treatment of hormone positive aBC. While some clinical trials 
have investigated mechanisms of resistance to these drugs, 
their impact on tumor evolution requires further exploration. 
Here we use cfDNA to examine molecular changes pre- and 
post-CDK4/6i or PI3Ki treatment and use RWD to assess the 
impact of putative resistance alterations on response to 
treatment. 
METHODS: Patients (pts) with aBC were identified via the 
Guardant INFORM database and included if they had a cfDNA 
test within 90 days prior to therapy initiation and/or 90 days 
after therapy discontinuation with CDK4/6i or PI3Ki. Pts with 
RB1 loss of function (LOF) alterations (alts) who received 
CDK4/6i and pts with PTEN LOF alts who received PI3Ki were 

in the standard arm (35.4 months [30.4-45.4]; HR=0.53 
[0.36-0.78], p=0.001). In patients Clinhigh/CTClow, no significant 
difference was observed whether they received CT (standard 
arm) or ET (CTC arm) (45.9 months [36.3-59.8] vs 49.4 months 
[35.4-65.4]; HR=0.88 [0.51-1.51], p=0.63). Pooling the two 
discordant groups (Clinlow/CTChigh or Clinhigh/CTClow), the 
CTC-driven strategy was superior to the clinician-driven 
treatment decision (HR=0.63 [0.46-0.86], p=0.02). Pooling all 
concordant and discordant groups together, a median OS of 
45.5 (95%CI=[40.9-51.1]) and 51.3 months [46.8-55.1] was 
observed in the standard and CTC arms, respectively (HR=0.84 
[0.69-1.03], p=0.10).
CONCLUSIONS: Prognostic information brought by CTC or 
standard factors is discordant in 40% of patients with ER+ 
HER2- mBC. In case of a discordant estimate, the STIC CTC trial 
shows the superiority on OS of the CTC-driven treatment 
decision strategy. These results also suggest a possible clinical 
utility of CTC to adjust systemic treatment for mBC in second 
and later lines, after progression on CDK4/6 inhibitors.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
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BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Circulating tumor DNA (ctDNA) and serum thymidine kinase 1 
activity (TKa) matched dynamics in patients (pts) with hormone 
receptor–positive (HR+), human epidermal growth factor 
2–negative (HER2-) advanced breast cancer (ABC) treated in 
first-line (1L) with ribociclib (RIB) and letrozole (LET) in the 
BioItaLEE trial.

Citation: ASCO 2022 Abstract 1012 
Author: Grazia Arpino
BACKGROUND: Independent early dynamic assessment 
(baseline [D0] and day 15 of first cycle [D15]) of both TKa and 
ctDNA was prognostic and predictive in pts with HR+, HER2− 
ABC treated with RIB+LET enrolled in the BioItaLEE trial 
(NCT03439046). Here we performed a combined analysis of 
these two biomarkers. 
METHODS: 287 pts were enrolled in the study. Overall, early 
dynamics were assessable for both biomarkers in 241/287 pts 
(84.0%). Methods applied for ctDNA and TKa evaluation were 
previously reported. For ctDNA, samples were defined as wild 
type (WT) if no mutations were observed at D0 and D15, ctDNA 
positive (+) if with or negative (-) if without a primary target 
mutation at D15. Samples were TKa+ or TKa- if TKa levels were 
above or below the limit of detection at D15. According to 
ctDNA and TKa pts were classified as: WT/TKa-, WT/TKa+, 
ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- and ctDNA+/TKa+ 
and then divided into 3 main study groups (GRs) WT/TKa- (GR1, 
n = 126), WT/TKa+, ctDNA-/TKa-, ctDNA-/TKa+, ctDNA+/TKa- 
(GR2, n = 96) and ctDNA+/TKa+ (GR3, n = 19). The association 

between biomarkers and PFS (progression-free survival) was 
estimated using Kaplan-Meier analysis and multivariate Cox 
models with 95% confidence intervals (CIs) adjusted for clinical 
variables. 
RESULTS: Median follow-up was 26.9 months. In multivariate 
Cox models both TKa dynamics and mutational tumor burden 
at D15 were independently predictive of PFS. Hazard ratios 
(HRs) were 0.37 (95% CI: 0.23-0.60; p < 0.0001) for WT vs ctDNA+ 
and 0.56 (95% CI: 0.32-1.00; p = 0.0506) for ctDNA- vs ctDNA+. 
For TKa, HR was 0.49 (95% CI: 0.30-0.80; p = 0.0040) in TKa- vs 
TKa+. Interestingly combining the two variables further 
improve prediction of outcome. HRs for TKa- vs TKa+ were 0.17 
(95% CI: 0.09-0.32; p < 0.0001), 0.28 (95% CI: 0.13-0.59; p = 0.0009) 
and 0.44 (95% CI: 0.23-0.86; p = 0.0169) in WT, ctDNA- and 
ctDNA+ pts, respectively. Considering the 3 study GRs, median 
PFSs (95% CI) were not reached (27.89, NE), 19.58 (13.83, 23.39) 
and 6.65 (2.83, 12.16) months in GR1, GR2 and GR3, respectively, 
p < 0.001. At multivariate Cox models, HRs of GR1 and GR2 
compared with GR3 were 0.17 (95% CI: 0.09-0.32; p < 0.0001) and 
0.37 (95% CI: 0.20-0.67; p = 0.001) respectively. 
CONCLUSIONS: These findings suggest that combining the 
early dynamic assessment of both ctDNA and TKa may 
improve outcome prediction in pts treated with RIB+LET. Pts 
with ctDNA+/TKa+ are strongly enriched for non-responders. 
TKa and ctDNA capture different features of tumor biological 
activity and their combination warrants further evaluation in 
relation to other treatments, settings, and diseases.

Circulating Tumor DNA and Late Recurrence in High-Risk 
Hormone Receptor-Positive, Human Epidermal Growth Factor 
Receptor 2-Negative Breast Cancer 

Citation: J ClinOncol. 2022 Aug 1;40(22):2408-2419. 
Author: Marla Lipsyc-Sharf
PURPOSE: To examine the prevalence and dynamics of 
circulating tumor DNA (ctDNA) and its association with 
metastatic recurrence in patients with high-risk early-stage 
hormone receptor-positive breast cancer (HR+ BC) more than 5 
years from diagnosis.
METHODS: We enrolled 103 patients with high-risk stage II-III 
HR+ BC diagnosed more than 5 years prior without clinical 
evidence of recurrence. We performed whole-exome 
sequencing (WES) on primary tumor tissue to identify somatic 
mutations tracked via a personalized, tumor-informed ctDNA 
test to detect minimal residual disease (MRD). We collected 
plasma at the time of consent and at routine visits every 6-12 
months. Patients were followed for clinical recurrence.
RESULTS: In total, 85 of 103 patients had sufficient tumor tissue; 
of them, 83 of 85 (97.6%) patients had successful whole-exome 
sequencing. Personalized ctDNA assays were designed 
targeting a median of 36 variants to test 219 plasma samples. 
The median time from diagnosis to first sample was 8.4 years. 
The median follow-up was 10.4 years from diagnosis and 2.0 
years from first sample. The median number of plasma 
samples per patient was two. Eight patients (10%) had positive 
MRD testing at any time point. Six patients (7.2%) developed 
distant metastatic recurrence, all of whom were MRD-positive 
before overt clinical recurrence, with median ctDNA lead time 

separately identified, and these cohorts were matched 1:3 with 
a RB1/PTEN negative population respectively, by age (+/- 5 
years), sex, year of cfDNA test, and line of therapy. Log-rank 
tests were used to assess differences in time to discontinuation 
(TTD) and time to next treatment (TTNT). 
RESULTS: Differences in the frequencies of certain alts 
detected in pts pre- and post-CDK4/6i or PI3Ki treatment are 
shown (Table). Pts with RB1 LOF alts prior to the start of 
CDK4/6i had significantly worse TTD and numerically worse 
TTNT versus controls (TTD = 3 mos vs 4.7 mos, p=0.018; TTNT = 
7.3 mos vs 8 mos, p=0.082). Pts with PTEN LOF alts prior to start 
of PI3Ki had no significant difference in TTD or TTNT versus 
controls (TTD = 4.1 mos vs 4.1 mos, p=0.92; TTNT = 7.4 mos vs 7 
mos, p=0.32). Notably, 54% of pts receiving CDK4/6i and 84% of 
pts receiving PI3Ki were on their third or later line of therapy. 
CONCLUSIONS: Using cfDNA, we were able to further 
characterize the resistance landscape of both CDK4/6i and 
PI3Ki, and identified specific ESR1, RB1 and PTEN alterations 
that appear likely to occur under the pressure of therapy. Our 
real-world analysis examining RB1 LOF alts added further 
evidence to suggest it may be both a primary and acquired 
resistance mechanism to CDK4/6i. As a non-invasive 
alternative to tissue biopsies, this data further illustrates that 
cfDNA can provide unique insight into tumor evolution and 
disease progression in the aBC setting.
Circulating Tumor Cells-driven choice of first line therapy for ER+ 
HER2- metastatic breast cancer: Overall survival analysis of the 
randomized STIC CTC trial 

Citation: SABCS GS3-09 
Author: Bidard F-C

BACKGROUND: High circulating tumor cell (CTC) count 
(CTChigh) is a strong adverse prognostic factor in patients with 
metastatic breast cancer (mBC). In the STIC CTC trial 
(NCT01710605), run before the introduction of CDK4/6 
inhibitors for ER+/HER2- mBC, we showed that CTC count (CTC 
arm) was non inferior to clinician’s choice (standard arm) on 
progression-free survival (PFS) to guide first line treatment 
selection between chemotherapy (CT) and endocrine therapy 
(ET) (Bidard et al., JAMA Oncol 2021). Of note, patients who had 
treatment escalated from ET (a priori clinician choice) to CT in 
the CTC arm, had a significantly longer PFS. We report here 
overall survival (OS) results of this multicenter CTC clinical 
utility trial.
METHODS: In the CTC arm, N=377 patients had their treatment 
determined by baseline CTC count: CT if CTChigh (≥5 CTCs/7.5 
mL, CellSearch®), ET if CTClow. In the standard arm (N=378 
patients), the choice was left to the investigator: CT if clinical 
high risk (Clinhigh), ET if clinical low risk (Clinlow). Therefore, 
patients with discordant Clinlow/CTChigh or Clinhigh/CTClow 
profiles had their first line treatment escalated from ET 
(standard arm) to CT (CTC arm) or de-escalated from CT 
(standard arm) to ET (CTC arm), respectively. Patients with 
concordant Clinlow/CTClow and Clinhigh/CTChigh profiles 
received ET and CT in both arms, respectively.
RESULTS: Among 755 randomized patients, N=189 (25.0%) had a 
Clinlow/CTChigh profile, N=103 (13.6%) Clinhigh/CTClow, N=363 
(48.2%) Clinlow/CTClow and N=100 (13.2%) Clinhigh/CTChigh. 
OS was analyzed after a median follow-up of 57 months and 
382 events (50.6%). In the Clinlow/CTChigh subgroup, CT in the 
CTC arm led a longer OS (mOS: 51.8 months [43.3-NR]) than ET 

of 12.4 months. MRD was not identified in one patient (1.2%) 
with local recurrence. Two of eight MRD-positive patients had 
not had clinical recurrence at last follow-up.
CONCLUSION: In this prospective study, in patients with 
high-risk HR+ BC in the late adjuvant setting, ctDNA was 
identified a median of 1 year before all cases of distant 
metastasis. Future studies will determine if ctDNA-guided 
intervention in patients with HR+ BC can alter clinical 
outcomes
Use of real-world data (RWD) to assess the utility of cell-free 
circulating tumor DNA (cfDNA) in identifying resistance to early 
treatment in advanced breast cancer (aBC).

Citation: ASCO 2022 Abstract 1011 
Author: Seth Andrew Wander 
BACKGROUND: The approvals of CDK4/6 inhibitors (CDK4/6i) 
and alpelisib (a PI3Ka inhibitor, PI3Ki) have overhauled early 
treatment of hormone positive aBC. While some clinical trials 
have investigated mechanisms of resistance to these drugs, 
their impact on tumor evolution requires further exploration. 
Here we use cfDNA to examine molecular changes pre- and 
post-CDK4/6i or PI3Ki treatment and use RWD to assess the 
impact of putative resistance alterations on response to 
treatment. 
METHODS: Patients (pts) with aBC were identified via the 
Guardant INFORM database and included if they had a cfDNA 
test within 90 days prior to therapy initiation and/or 90 days 
after therapy discontinuation with CDK4/6i or PI3Ki. Pts with 
RB1 loss of function (LOF) alterations (alts) who received 
CDK4/6i and pts with PTEN LOF alts who received PI3Ki were 

in the standard arm (35.4 months [30.4-45.4]; HR=0.53 
[0.36-0.78], p=0.001). In patients Clinhigh/CTClow, no significant 
difference was observed whether they received CT (standard 
arm) or ET (CTC arm) (45.9 months [36.3-59.8] vs 49.4 months 
[35.4-65.4]; HR=0.88 [0.51-1.51], p=0.63). Pooling the two 
discordant groups (Clinlow/CTChigh or Clinhigh/CTClow), the 
CTC-driven strategy was superior to the clinician-driven 
treatment decision (HR=0.63 [0.46-0.86], p=0.02). Pooling all 
concordant and discordant groups together, a median OS of 
45.5 (95%CI=[40.9-51.1]) and 51.3 months [46.8-55.1] was 
observed in the standard and CTC arms, respectively (HR=0.84 
[0.69-1.03], p=0.10).
CONCLUSIONS: Prognostic information brought by CTC or 
standard factors is discordant in 40% of patients with ER+ 
HER2- mBC. In case of a discordant estimate, the STIC CTC trial 
shows the superiority on OS of the CTC-driven treatment 
decision strategy. These results also suggest a possible clinical 
utility of CTC to adjust systemic treatment for mBC in second 
and later lines, after progression on CDK4/6 inhibitors.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 
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BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 
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BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
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BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 
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BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial
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BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy
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PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer
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BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

130130



Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 
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BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
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BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 
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BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
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BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 
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BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial
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BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
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PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer
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BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
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BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

138138



Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 
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BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial
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BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
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Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
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BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

140140



Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)

Citation: ESMO Congress 210O 
Author: Antonio Marra
BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking

Citation: SABCS GS4-06 
Author: Winham S 
Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)

Citation: ESMO Congress 210O 
Author: Antonio Marra
BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking

Citation: SABCS GS4-06 
Author: Winham S 
Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)

Citation: ESMO Congress 210O 
Author: Antonio Marra
BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking

Citation: SABCS GS4-06 
Author: Winham S 
Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

143143



Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking

Citation: SABCS GS4-06 
Author: Winham S 
Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
Author: Belinda Kingston
BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking

Citation: SABCS GS4-06 
Author: Winham S 
Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
Author: Belinda Kingston
BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial
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OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 

Citation: SABCS GS5-08 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 

Citation: SABCS GS5-08 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial
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OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
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BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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Author: Anton Mikhailovich Safonov
BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 

Citation: SABCS GS5-08 
Author: Hu X
BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial
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OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
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BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Association of the research-based HER2DX signatures with 
survival in early-stage triple-negative breast cancer (eTNBC)

Citation: ESMO Breast Cancer congress 3 MO 
Author: Benedetta Conte
BACKGROUND: The HER2DX assay is prognostic in early-stage 
HER2-positive breast cancer by integrating tumor and nodal 
staging, and the expression of 3 gene signatures tracking 
immunoglobulin (IGG)-mediated immunity, proliferation, and 
luminal differentiation. Here, we assessed the prognostic value 
of each of the 3 HER2DX signatures in eTNBC.
METHODS: Clinical and genomic data from 704 patients with 
eTNBC were retrieved from METABRIC (n=267), TCGA (n=118), 
GSE58812 (n=107), SCANB (n=126), GSE21653 (n=86). Association 
of IGG signature with event-free survival (EFS) was also 
obtained from CALGB40603 (n=443). Univariate cox regression 
models were used to evaluate each of the 3 signatures with 
relapse-free survival (RFS), EFS and overall survival (OS). Results 
were pooled using a random effects model to select signatures 
most consistently associated with survival. A new 
research-based HER2DX risk score with the IGG signature, 
tumor size (pT1 vs other) and nodal status (pN0 vs pN1 vs pN2-3) 
was also evaluated. Univariate cox regression models and 
C-statistics were used to evaluate the prognostic value of each 
variable.
RESULTS: Among the 3 signatures, the 14-gene IGG signature 
was associated with better RFS/OS in METABRIC, better EFS in 
GSE21653 and CALGB40603 and better OS in SCANB (Table). 
The pooled analysis confirmed the association of IGG signature 
with RFS/EFS (HR=0.81 [95% CI 0.70-0.93], I2=18%) and OS 

(HR=0.80 [0.69-0.92], I2=0%). The new research-based risk score 
integrating tumor size, nodal status, and IGG signature (called 
TNBC-DX) was significantly associated with RFS/EFS and OS in 
all datasets (Table). TNBC-DX risk score showed higher 
predictive performance compared with clinical variables alone, 
with a C-index ranging from 0.61 to 0.80 across datasets.
CONCLUSIONS: A risk score integrating tumor size, nodal 
staging and the IGG signature might be a valuable prognostic 
biomarker in eTNBC.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
Author: Anton Mikhailovich Safonov
BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 

Citation: SABCS GS5-08 
Author: Hu X
BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)

Citation: ESMO Congress 210O 
Author: Antonio Marra
BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking

Citation: SABCS GS4-06 
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Association of the research-based HER2DX signatures with 
survival in early-stage triple-negative breast cancer (eTNBC)

Citation: ESMO Breast Cancer congress 3 MO 
Author: Benedetta Conte
BACKGROUND: The HER2DX assay is prognostic in early-stage 
HER2-positive breast cancer by integrating tumor and nodal 
staging, and the expression of 3 gene signatures tracking 
immunoglobulin (IGG)-mediated immunity, proliferation, and 
luminal differentiation. Here, we assessed the prognostic value 
of each of the 3 HER2DX signatures in eTNBC.
METHODS: Clinical and genomic data from 704 patients with 
eTNBC were retrieved from METABRIC (n=267), TCGA (n=118), 
GSE58812 (n=107), SCANB (n=126), GSE21653 (n=86). Association 
of IGG signature with event-free survival (EFS) was also 
obtained from CALGB40603 (n=443). Univariate cox regression 
models were used to evaluate each of the 3 signatures with 
relapse-free survival (RFS), EFS and overall survival (OS). Results 
were pooled using a random effects model to select signatures 
most consistently associated with survival. A new 
research-based HER2DX risk score with the IGG signature, 
tumor size (pT1 vs other) and nodal status (pN0 vs pN1 vs pN2-3) 
was also evaluated. Univariate cox regression models and 
C-statistics were used to evaluate the prognostic value of each 
variable.
RESULTS: Among the 3 signatures, the 14-gene IGG signature 
was associated with better RFS/OS in METABRIC, better EFS in 
GSE21653 and CALGB40603 and better OS in SCANB (Table). 
The pooled analysis confirmed the association of IGG signature 
with RFS/EFS (HR=0.81 [95% CI 0.70-0.93], I2=18%) and OS 

(HR=0.80 [0.69-0.92], I2=0%). The new research-based risk score 
integrating tumor size, nodal status, and IGG signature (called 
TNBC-DX) was significantly associated with RFS/EFS and OS in 
all datasets (Table). TNBC-DX risk score showed higher 
predictive performance compared with clinical variables alone, 
with a C-index ranging from 0.61 to 0.80 across datasets.
CONCLUSIONS: A risk score integrating tumor size, nodal 
staging and the IGG signature might be a valuable prognostic 
biomarker in eTNBC.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).
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BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

Association of the research-based HER2DX signatures with 
survival in early-stage triple-negative breast cancer (eTNBC)
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BACKGROUND: The HER2DX assay is prognostic in early-stage 
HER2-positive breast cancer by integrating tumor and nodal 
staging, and the expression of 3 gene signatures tracking 
immunoglobulin (IGG)-mediated immunity, proliferation, and 
luminal differentiation. Here, we assessed the prognostic value 
of each of the 3 HER2DX signatures in eTNBC.
METHODS: Clinical and genomic data from 704 patients with 
eTNBC were retrieved from METABRIC (n=267), TCGA (n=118), 
GSE58812 (n=107), SCANB (n=126), GSE21653 (n=86). Association 
of IGG signature with event-free survival (EFS) was also 
obtained from CALGB40603 (n=443). Univariate cox regression 
models were used to evaluate each of the 3 signatures with 
relapse-free survival (RFS), EFS and overall survival (OS). Results 
were pooled using a random effects model to select signatures 
most consistently associated with survival. A new 
research-based HER2DX risk score with the IGG signature, 
tumor size (pT1 vs other) and nodal status (pN0 vs pN1 vs pN2-3) 
was also evaluated. Univariate cox regression models and 
C-statistics were used to evaluate the prognostic value of each 
variable.
RESULTS: Among the 3 signatures, the 14-gene IGG signature 
was associated with better RFS/OS in METABRIC, better EFS in 
GSE21653 and CALGB40603 and better OS in SCANB (Table). 
The pooled analysis confirmed the association of IGG signature 
with RFS/EFS (HR=0.81 [95% CI 0.70-0.93], I2=18%) and OS 

(HR=0.80 [0.69-0.92], I2=0%). The new research-based risk score 
integrating tumor size, nodal status, and IGG signature (called 
TNBC-DX) was significantly associated with RFS/EFS and OS in 
all datasets (Table). TNBC-DX risk score showed higher 
predictive performance compared with clinical variables alone, 
with a C-index ranging from 0.61 to 0.80 across datasets.
CONCLUSIONS: A risk score integrating tumor size, nodal 
staging and the IGG signature might be a valuable prognostic 
biomarker in eTNBC.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Author: Winham S 
Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
Author: Lorenza Mittempergher 
BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial
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Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
Author: Belinda Kingston
BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 

Citation: SABCS GS5-08 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Author: Winham S 
Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

157157



Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
Author: Contreras-Zarate MJ
BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial
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OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
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BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
Author: Aranzazu Fernandez-Martinez
BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
Author: Anton Mikhailovich Safonov
BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)

Citation: ESMO Congress 210O 
Author: Antonio Marra
BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
Author: Matthew G Davey
OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Evaluating the Role of Circulating MicroRNAs to Aid Therapeutic 
Decision Making for Neoadjuvant Chemotherapy in Breast 
Cancer: A Prospective, Multicenter Clinical Trial

Citation: Ann Surg. 2022 Nov 1;276(5):905-912. 
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OBJECTIVE: To evaluate whether circulating micro ribonucleic 
acids (miRNAs) predict response to neoadjuvant 
chemotherapy (NAC) and inform decision-making in breast 
cancer patients.
INTRODUCTION: Deciphering response to NAC remains a 
challenge. Those unlikely to respond may benefit from NAC 
de-escalation before completion, while "responders" should 
complete treatment. Establishing biomarkers which identify 
response to NAC is imperative to personalize treatment 
strategies. miRNAs are small noncoding RNA molecules which 
modulate genetic expression. miRNAs are believed to inform 
response to NAC.
METHODS: This prospective, multicenter trial (NCT01722851) 
recruited 120 patients treated with NAC across 8 Irish 
treatment sites. Predetermined miRNAs were quantified from 
patient whole bloods using relative quantification polymerase 
chain reactiond. Venous sampling was performed at diagnosis 
and midway during NAC. Trends in miRNA expression between 
timepoints were correlated with treatment response. Data 
analysis was performed using R 3.2.3.
RESULTS: A total of 120 patients were included (median age: 55 
years). Overall, 49.2% had luminal breast cancers (59/120), 17.5% 
luminal B (L/HER2) (21/120), 12.5% human epidermal growth 
factor receptor-2 positive (HER2+) (15/120), and 20.8% triple 

negative disease (25/120). In total, 46.7% of patients responded 
to NAC (56/125) and 26.7% achieved a pathological complete 
response (pCR) (32/120). For patients with L/HER2, increased 
Let-7a predicted response to NAC ( P =0.049), while decreased 
miR-145 predicted response to NAC in HER2+ ( P =0.033). For 
patients with luminal breast cancers, reduced Let-7a predicted 
achieving a pCR ( P =0.037) and reduced miR-145 predicted 
achieving a pCR to NAC in HER2+ ( P =0.027).
CONCLUSIONS: This study illustrates the potential value of 
circulatory miRNA measurement in predicting response to 
NAC. Further interrogation of these findings may see miRNAs 
personalize therapeutic decision-making for patients 
undergoing NAC for early breast cancer.
Optimal 18F-FDG PET/CT (FDG-PET) cut-off for pathological 
complete response (pCR) prediction in HER2-positive [HER2+] 
early breast cancer (EBC) patients (pts) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P) in PHERGain 
trial

Citation: Annals of Oncology (2022) 33 (suppl_3): S165-S174.
Author: Géraldine Gebhart 
BACKGROUND: PHERGain trial investigated the potential of 
metabolic imaging to identify candidates for chemotherapy 
(CT) de-escalation in HER2-positive, stage I-IIIA, invasive, 
operable breast cancer with at least one breast lesion evaluable 
by FDG-PET. Based on data from NeoALTTO study, FDG-PET 
“responders” were defined as those pts with maximum 
standardized uptake value (SUVmax) reduction of at least 40% 
in all their target lesions after two cycles of T and P. Of the 285 
patients included in T+P arm, 227 pts were FDG-PET 

responders and received a total of 8 cycles of T+P. pCR, defined 
as pT0/isN0, reached 37.9% (86/227 pts). Here we describe 
secondary preplanned analysis of the best cut-off of SUVmax 
reduction for pCR prediction.
METHODS: ROC analysis was applied to research the most 
appropriate deltaSUVmax cut-off in HER2+ EBC pts treated 
exclusively with neoadjuvant T and P (± endocrine therapy).
RESULTS: The delta SUVmax capability of predicting pCR in 
terms of AUC was 72.1% (95%CI, 65.1-79.2). The optimal SUVmax 
reduction cut-off was found to be 77.0%, with a 51.2% sensitivity 
and a 78.7% specificity for prediction of pCR. Yet, using this 
cut-off, 32.6% (74/227 pts) would be classified as FDG-PET 
responders increasing the pCR rate from 37.9% (cut-off ≥40%) 
to 59.5% (44/74 pts) (p<0.01). With this optimized cut-off 19.4% 
(44/227 pts) would avoid chemotherapy to achieve a pCR. 
Subgroup analysis in pts with HER2 immunohistochemistry 
score 3+ will be reported.
CONCLUSIONS: Increased deltaSUVmax cut-off (≥77%) after 
two cycles of exclusive T+P achieves a pCR rate in the range of 
control arm with CT+TP in PHERGain (59,5% vs. 57,7%, 
respectively) selecting a subgroup of pts with HER2 addicted 
tumors. However, the original cut-off (≥40%) maximizes the 
number of pts who could avoid CT. The definitive value of pCR 
in the absence of CT should be confirmed by final DDFS results 
from PHERGain trial.
Development and validation of the new HER2DX assay for 
predicting pathological response and survival outcome in 
early-stage HER2-positive breast cancer

Citation: EBioMedicine. 2022 Jan;75:103801. 
Author: Aleix Prat 

BACKGROUND: Both clinical and genomic data independently 
predict survival and treatment response in early-stage 
HER2-positive breast cancer. Here we present the 
development and validation of a new HER2DX risk score, and a 
new HER2DX pathological complete response (pCR) score, 
both based on a 27-gene expression plus clinical feature-based 
classifier.
METHODS: HER2DX is a supervised learning algorithm 
incorporating tumour size, nodal staging, and 4 gene 
expression signatures tracking immune infiltration, tumour 
cell proliferation, luminal differentiation, and the expression of 
the HER2 amplicon, into a single score. 434 HER2-positive 
tumours from the Short-HER trial were used to train a 
prognostic risk model; 268 cases from an independent cohort 
were used to verify the accuracy of the HER2DX risk score. In 
addition, 116 cases treated with neoadjuvant anti-HER2-based 
chemotherapy were used to train a predictive model of 
pathological complete response (pCR); two independent 
cohorts of 91 and 67 cases were used to verify the accuracy of 
the HER2DX pCR likelihood score. Five publicly available 
independent datasets with >1,000 patients with early-stage 
HER2-positive disease were also analysed.
FINDINGS. In Short-HER, HER2DX variables were associated 
with good risk outcomes (i.e., immune, and luminal) and poor 
risk outcomes (i.e., proliferation, and tumour and nodal 
staging). In an independent cohort, continuous HER2DX risk 
score was significantly associated with disease-free survival 
(DFS) (p=0•002); the 5-year DFS in the low-risk group was 97•4% 
(94•4-100•0%). For the neoadjuvant pCR predictor training 
cohort, HER2DX variables were associated with pCR (i.e., 

immune, proliferation and HER2 amplicon) and non-pCR (i.e., 
luminal, and tumour and nodal staging). In both independent 
test set cohorts, continuous HER2DX pCR likelihood score was 
significantly associated with pCR (p<0•0001). A weak negative 
correlation was found between the HER2DX risk score versus 
the pCR score (correlation coefficient -0•19).
INTERPRETATION: The two HER2DX tests provide accurate 
estimates of the risk of recurrence, and the likelihood to 
achieve a pCR, in early-stage HER2-positive breast cancer.
Molecular subtype to predict pathologic complete response in 
HER2-positive breast cancer in the I-SPY2 trial. 

Citation: ASCO 2022 Abstract 510 
Author: Alexandra Thomas
BACKGROUND: HER2-positive breast cancer (bc) is a very 
heterogenous disease. We hypothesized that molecular 
subtype may predict disease response to investigational 
agents in HER2+ bc. Here, we report the pathologic complete 
response (pCR) rate in the first six agents tested in HER2+ bc in 
the I-SPY 2 trial for the full HER2+ cohort, by molecular subtype, 
and by disease receptor status. 
METHODS: Women with HER2+ tumors which were > 2.5 cm 
were eligible. The I-SPY2 platform trial tests novel agents given 
neoadjuvantly with a backbone of taxol (T) and trastuzumab 
(H) followed by doxorubicin and cyclophosphamide. Agents 
investigated in HER2+ bc were TH (control), MK2206, AMG386, 
pertuzumab (P), neratinib (N (given in place of H), and TDM1+P 
(given in place of TH). An investigational arm graduated if there 
was >85% chance of success compared to control in a 
300-person phase 3 neoadjuvant trial. Further details of the 

I-SPY2 methods have been previously published. Molecular 
subtyping based on gene expression was utilized to categorize 
tumors into 5 response predictive subtypes (RPS) 
(HER2-/Immune-/DRD (DNA repair deficiency)-, 
HER2-/Immune+, HER2-/Immune-/DRD+, 
HER2+/Her2_or_Basal and HER2+/Luminal). 
RESULTS: For the full HER2+ cohort (N=245) pCR rate was 
higher in all investigational arms than control (Table). By tumor 
receptor status, HER2+/HR- tumors (N=89) had a higher pCR 
rate than HER2+/HR+ tumors (N=156; 63% vs 37%, p = 0.0001). In 
HER2+/HR- tumors N, MK2206, P and TDM1/P graduated. In 
HER2+/HR+ tumors P and TDM1/P graduated. 76% (185/245) of 
I-SPY 2 HER2+ patients were classified as HER2+/Her2_or_Basal 
and 24% (60/245) were HER2+Luminal. pCR rate was 
significantly higher in the HER2+/Her2_or_Basal group than in 
the HER2+/Luminal group (57% vs 15%, p < 0.0001). All agents, 
except for MK2206, where numbers were small, showed 
greater efficacy in the HER2+/Her2_or_Basal group than in the 
HER2+/Luminal group. HER2+/Luminal appeared to be more 
sensitive to the AKT inhibitor MK2206 than to targeted HER2 
agents, though numbers are small. 
CONCLUSIONS: pCR rates for patients with HER2+ bc treated 
with investigational agents, particularly dual HER2-blockade, 
were promising. Molecular response predictive subtype 
classification provides insight on how to better target therapy. 
The HER2+/Luminal group had low pCR rates with dual 
HER2-blockade but may have higher pCR rate with the 
addition of an AKT inhibitor and identifies a subgroup of HER2+ 
tumors in need of novel approaches. AKT inhibition for 
HER2/Luminal is being tested in I-SPY 2.2.

HER2DX genomic test in HER2-positive / hormone 
receptor-positive (HER2+/HR+) breast cancer (BC) treated with 
neoadjuvant trastuzumab (T) and pertuzumab (P): A correlative 
analysis from the PerELISA trial 

Citation: ESMO Breast Cancer Congress 140MO
Author: Valentina Guarneri 
BACKGROUND: HER2DX is a prognostic and predictive assay in 
early-stage HER2+ BC based on clinical data and the 
expression of 4 gene signatures (immune, proliferation, 
luminal differentiation and HER2 amplicon), including ERBB2 
levels. Here, we evaluated the ability of HER2DX to predict 
efficacy of a de-escalated, chemotherapy (CT)-free 
neoadjuvant regimen in HER2+/HR+ BC.
METHODS: HER2DX was evaluated on pre-treatment FFPE 
tumor samples from the PerELISA phase II study for 
postmenopausal patients (pts) with operable HR+/HER2+ BC. 
Pts received 2-week (wk) letrozole (L), and then underwent 
re-biopsy for Ki67 evaluation. Patients with endocrine therapy 
sensitive tumors (EST) (i.e., >20% Ki67 relative reduction at wk 2) 
continued L and 5 cycles of trastuzumab T+P. Primary aim was 
to test the ability of HER2DX risk-score, HER2DX pCR score and 
HER2DX ERBB2 score (as continuous variables and group 
categories) to predict pathological complete response (pCR) in 
patients with EST. Logistic regression and receiver-operator 
curve (ROC) analysis assessed associations of HER2DX scores 
with 1) pCR and 2) EST.
RESULTS: HER2DX was evaluated in 55 pts (86%) enrolled in 
PerELISA and 40 pts (73%) had EST. The pCR rate in pts with 
EST was 22.5% (9/40). In this group, HER2DX pCR score, but not 

HER2DX risk-score, was significantly associated with pCR 
(p=0.012; Area under ROC [AUC]=0.80). The pCR rate in low, 
medium, and high HER2DX pCR score groups was 8.0% (2/25), 
43.0% (6/14) and 100.0% (1/1), respectively. HER2DX ERBB2 score 
was significantly associated with pCR (p=0.004; AUC=0.88) and 
independently of HER2 levels (2+ vs 3+). The pCR rate in low, 
medium, and high HER2DX ERBB2 score groups was 0.0% 
(0/12), 8.3% (1/12) and 50.0% (8/16), respectively. HER2DX pCR 
score was also significantly associated with Ki-67 response 
following 2-wk L (p=0.004; AUC=0.77). The rate of EST in low, 
medium, and high HER2DX pCR score groups was 89.3% 
(25/28), 66.7% (14/21) and 16.7% (1/6), respectively.
CONCLUSIONS: HER2DX predicts endocrine sensitivity and 
pCR following neoadjuvant T+P+letrozole in pts with 
early-stage HER2+/HR+ BC. HER2DX could help tailor systemic 
therapy in this context.
Unraveling the mechanism of action and resistance to 
Trastuzumab deruxtecan (T-DXd): Biomarker analyses from 
patients from DAISY trial 
Citation: ESMO Breast Cancer Congress LBA1
Author: Maria Fernanda Mosele 
BACKGROUND: T-DXd is an anti-HER2 antibody-drug 
conjugate that has demonstrated high antitumor activity in 
HER2-positive and HER2-low metastatic breast cancer (mBC). 
We aimed to unravel the mechanism of action and resistance 
to T-DXd in patients from DAISY trial.
METHODS: DAISY is a phase II clinical trial (NCT04132960) that 
assessed T-DXd efficacy in mBC according to HER2-expression 
(HER2-positive, HER2-low, and HER2-negative). Bystander 

effect and T-DXd uptake were analyzed by 
immunohistochemistry (IHC) (HER2, gH2AX, and T-DXd) on 
tumor biopsies at baseline and on-treatment (n=10 patients). 
T-DXd immune effects were explored by multiplex 
immunofluorescence (CD3, CD4, CD8, CD68, FoxP3, PD-1, 
PD-L1, CK/SOX10 antibodies) on tumor biopsies at baseline and 
on-treatment (Day 22 or 43, n=31 patients). Mechanisms of 
resistance were analyzed on tumor samples at baseline (n=118) 
and at progression by whole exome sequencing (n=24) and IHC 
(n=25). The predictive value of HER2 spatial distribution was 
investigated by artificial intelligence (AI) using weakly 
supervised and clustering algorithms on HER2-positive slides 
images at baseline (n=61).
RESULTS: Molecular analyses showed that cancer cells 
expressing low levels of HER2, but not HER2-null cells, uptake 
T-DXd (p=0.053). In the whole population (n=31), a decrease of 
PDL1-positive cells was associated with a best objective 
response (BOR) (p=0.008). No modulation of T cells and 
macrophages was observed (p=0.6 and p=0.9 respectively). A 
decrease of PDL1 expression was detected in HER2-positive 
mBC (n=18; p=0.02). Clustering algorithms identified a cluster 
associated with a lower BOR (p=0.007), whose features 
identified by AI included a high percentage of HER2-negative 
cells currently under investigation. At progression, a decrease 
of HER2 expression was observed in 13/25 (52%) patients 
(p=0.07). DNA sequencing and final AI results will be available 
at the meeting.
CONCLUSIONS: A correlation between HER2 expression and 
T-DXd uptake in cancer cells was observed in on-treatment 
biopsies. T-DXd did not modulate intratumoral lymphocytes 

but decreased PDL1 expression. WES analyses at baseline and 
progression samples will be presented on-site.
Development of a prognostic gene-expression signature for 
early-stage HER2-positive breast cancer patients 

Citation: ESMO Breast Cancer Congress: 2MO 
Author: Serena Di Cosimo
BACKGROUND: With increasing evidence showing the 
complexity of HER2-positive breast cancer, this study aimed to 
identify a gene-expression signature with potential prognostic 
value to assist therapeutic decision in the early disease setting. 
METHODS: Gene-expression profiles of NeoALTTO tumor 
biopsies before and after 2 weeks of neoadjuvant treatment 
were generated by microarrays (Clariom S, ThermoFisher). 
Genes associated with event free survival (EFS) were selected 
at the two time points with Cox univariate analysis and 
combined by multivariate approaches. Independent technical 
and clinical validation were sought. Results: Overall, 180 
patients were analyzed (NeoALTTO cohort, median follow-up 
6.7 yrs [IQR 6.1-6.8]; 53 events). The expression of 18 genes 
combined by principal component analysis (S18) was 
significantly associated with EFS in the trastuzumab (T)- arm 
(Hazard Ratio for each unit increment [HR] 2.4, 95%Confidence 
Interval [CI] 1.6- 3.5) and in the entire NeoALTTO cohort (HR 1.7, 
CI 1.4-2.2). Notably, S18 showed no overlap with HER2 and/or 
ESR1 genes and/or their signaling. A more parsimonious 
signature of five genes (S5) was next developed. Both S18 and 
S5 retained their prognostic value independently of 
pathological complete response, age, tumor size, estrogen 
receptor and node status both in the T-arm and in the entire 

NeoALTTO cohort. The prognostic value of S18 was technically 
confirmed by RNAseq in the T-arm (HR 2.1, CI 1.4-3.1) and entire 
cohort (HR1.3, CI 1.03-1.7) whereas the S5 was confirmed within 
the T-arm alone (HR 1.5, CI 1.1-1.9). An additional technical 
validation is currently ongoing by customized open arrays. The 
prognostic capability of S18 was clinically confirmed by in silico 
analysis of the Italian GHEA expanded access study of adjuvant 
trastuzumab (HR 1.9,CI 1.2-2.9). Currently, we are seeking to 
validate the prognostic value of S5 in the NSABP B-31 study and 
results are expected to be presented at the congress. 
CONCLUSIONS: These findings hold the potential to accurately 
identify patients with early HER2-positive breast cancer at low 
risk of relapse when treated with trastuzumab-based therapy 
and may be useful to select patients for single or dual 
anti-HER2 therapies.
Identification of biologically-driven HER2-positive breast cancer 
subgroups associated with prognosis after adjuvant 
trastuzumab in the ALTTO trial

Citation: ESMO Breast Cancer Congress 139MO 
Author: Mattia Rediti 
BACKGROUND: Several tumor and microenvironment features 
impact HER2-positive breast cancer progression, portraying its 
heterogeneity. Here, we aimed to identify subgroups 
associated with prognosis in patients receiving adjuvant 
trastuzumab in the phase III ALTTO trial.
METHODS: A case-control approach (1:2) was used to select 
from the trastuzumab arm 134 and 268 patients with and 
without a distant relapse, matched for clinicopathological 
characteristics. RNA was obtained from FFPE tumor cores 

from surgical samples. PAM50 subtypes were computed using 
Absolute Intrinsic Molecular Subtyping (AIMS). Uni- and 
multivariable (controlling for clinicopathological 
characteristics and PAM50 HER2-enriched [HER2-E] vs others) 
Cox proportional hazard models and Kaplan-Meier curves were 
used for distant relapse-free survival (DRFS) analysis. Clusters 
were identified using non-negative matrix factorization (NMF) 
and k-means clustering, and characterized with gene 
signatures.
RESULTS: The case-control cohort includes higher proportions 
of >2cm, node positive and G3 tumors compared to the whole 
trastuzumab arm. RNA sequencing data were generated for 
386/402 patients. Genes associated with DRFS (false discovery 
rate < 0.05, multivariable analysis) were selected for NMF to 
extract 4 factors. K-means clustering identified 4 groups with 
distinct prognosis: immune-enriched (N = 69; 91% 5-year DRFS), 
metabolic-enriched (N = 87; 51% 5-year DRFS), stroma-enriched 
(N = 76; 58% 5-year DRFS), and hormone receptor 
positive-enriched (N = 154; 78% 5-year DRFS) which could be 
divided into HER2-E and non-HER2-E (mainly Luminal A/B) 
tumors (N = 91 and 63; 72% and 87% 5-year DRFS, respectively). 
The robustness and prognostic value of the clusters were 
assessed via cross-validation of gene selection, NMF and 
k-means clustering.
CONCLUSIONS: A supervised top-down approach identified 4 
biologically-driven clusters in HER2-positive breast cancer 
which can be integrated with PAM50. Our findings support the 
evaluation of de-escalation approaches in luminal and 
immune-enriched subgroups, presenting excellent prognosis 
with adjuvant trastuzumab alone in a high-risk population. 
Further validation is required.

Prognostic and predictive implications of the intrinsic subtypes 
and gene expression signatures in early-stage HER2+ breast 
cancer: A pooled analysis of CALGB 40601, NeoALTTO, and 
NSABP B-41 trials.

Citation: ASCO 2022 Abstract 509 
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BACKGROUND: Several biologic features are implicated in the 
differences in response and survival to dual (trastuzumab and 
lapatinib [HL]) vs. single (trastuzumab [H]) HER2-blockade 
across neoadjuvant trials in early-stage HER2+ breast cancer. 
We evaluated the association of intrinsic subtypes and gene 
expression signatures with pathologic complete response 
(pCR) and event-free survival (EFS) in a pooled analysis of three 
independent phase III neoadjuvant studies with similar 
designs: CALGB 40601 (Alliance), NeoALTTO, and NSABP B-41. 
METHODS: Gene expression profiling by RNA sequencing was 
assessed on 761 pre-treatment samples (264 from CALGB 
40601, 249 from NeoALTTO, 248 from NSABP B-41). Intrinsic 
subtypes and 759 gene expression signatures were calculated. 
We studied the association of pCR and the benefit of dual (HL) 
vs. single (H) HER2-blockade by tumor intrinsic subtype in the 
pooled set. The ability of multiple gene expression signatures 
to predict pCR and EFS across the three studies was also tested 
by logistic and Cox regression analyses. 
RESULTS: pCR status was associated with EFS only in 
HER2-Enriched (HR 0.45, 95% CI 0.29-0.71, p-value < 0.001) and 
Basal-like (HR 0.19, 95% CI 0.04-0.86, p-value 0.031) intrinsic 
subtypes, but not in Luminal and/or ER+ tumors. The EFS 

benefit of dual vs. single HER2-blockade was limited to 
HER2-Enriched tumors (HR 0.47, 95% CI 0.27-0.81, p-value 
0.007). When evaluating the three clinical trials separately, we 
found 89/759 (11.7%) gene expression signatures in common for 
the prediction of pCR across the three clinical trials, including 
HER2-amplicon and immune activation signatures. 
Luminal-related signatures were associated with lower pCR 
rates but better EFS outcomes, especially in patients with 
residual disease. Stratified Cox regression models by study 
showed a significant and strong association of NK, B and 
plasma cells, as well as Ig-related signatures with a better EFS 
outcome, while vascular, proliferation, and metastasis 
signatures were associated with poor EFS. 
CONCLUSIONS: In early-stage HER2+ breast cancer, the 
relationship between pCR and EFS differs by tumor intrinsic 
subtype, and the benefit of dual vs. single HER2-blockade 
seems to be limited to HER2-Enriched subtype tumors. 
Immune signatures were associated with higher pCR rates and 
better EFS, luminal signatures were associated with lower pCR 
rates but good EFS outcomes, and 
vascular/proliferation/metastasis signatures were associated 
with poor EFS across the three clinical trials. Clinical trial 
identification: CALGB 40601: NCT00770809. (CALGB is part of 
the Alliance for Clinical Trials in Oncology).
Prognostic Value of Stromal Tumor-Infiltrating Lymphocytes in 
Young, Node-Negative, Triple-Negative Breast Cancer Patients 
Who Did Not Receive (neo)Adjuvant Systemic Therapy

Citation: Journal of Clinical Oncology 40, no. 21 (July 20, 2022) 
2361-2374. 
Author: Vincent M.T. de Jong

PURPOSE: Triple-negative breast cancer (TNBC) is considered 
aggressive, and therefore, virtually all young patients with 
TNBC receive (neo)adjuvant chemotherapy. Increased stromal 
tumor-infiltrating lymphocytes (sTILs) have been associated 
with a favorable prognosis in TNBC. However, whether this 
association holds for patients who are node-negative (N0), 
young (< 40 years), and chemotherapy-naïve, and thus can be 
used for chemotherapy de-escalation strategies, is unknown.
METHODS: We selected all patients with N0 TNBC diagnosed 
between 1989 and 2000 from a Dutch population-based 
registry. Patients were age < 40 years at diagnosis and had not 
received (neo)adjuvant systemic therapy, as was standard 
practice at the time. Formalin-fixed paraffin-embedded blocks 
were retrieved (PALGA: Dutch Pathology Registry), and a 
pathology review including sTILs was performed. Patients were 
categorized according to sTILs (< 30%, 30%-75%, and ≥ 75%). 
Multivariable Cox regression was performed for overall survival, 
with or without sTILs as a covariate. Cumulative incidence of 
distant metastasis or death was analyzed in a competing risk 
model, with second primary tumors as competing risk.
RESULTS: sTILs were scored for 441 patients. High sTILs (≥ 75%; 
21%) translated into an excellent prognosis with a 15-year 
cumulative incidence of a distant metastasis or death of only 
2.1% (95% CI, 0 to 5.0), whereas low sTILs (< 30%; 52%) had an 
unfavorable prognosis with a 15-year cumulative incidence of a 
distant metastasis or death of 38.4% (32.1 to 44.6). In addition, 
every 10% increment of sTILs decreased the risk of death by 19% 
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an 
independent predictor adding prognostic information to 
standard clinicopathologic variables (χ2 = 46.7, P < .001).

CONCLUSION: Chemotherapy-naïve, young patients with N0 
TNBC with high sTILs (≥ 75%) have an excellent long-term 
prognosis. Therefore, sTILs should be considered for 
prospective clinical trials investigating (neo)adjuvant 
chemotherapy de-escalation strategies.
ZNF689 deficiency promotes intratumor heterogeneity and 
resistance to immune checkpoint blockade in triple-negative 
breast cancer

Citation: SABCS GS5-05
Author: Ge L-P 
BACKGROUND: Triple-negative breast cancer (TNBC) is an 
aggressive disease characterized by remarkable intratumor 
heterogeneity (ITH), which poses a significant therapeutic 
challenge. However, the key determinants and underlying 
mechanisms of ITH in TNBC remain to be fully elucidated.
METHODS: We used multi-omics data from our cohort (n = 260) 
and The Cancer Genome Atlas (n = 134) cohort to 
comprehensively characterize ITH at the genetic and histologic 
levels. Transcriptomic differences between high ITH and low 
ITH tumors were compared to identify the core genes 
contributing ITH in TNBC. Xenograft models were used to 
examine the role of key determinants in TNBC ITH. The 
molecular mechanism was investigated by mass spectrometry, 
coimmunoprecipitation, pull-down, RNA-seq, long 
interspersed element-1 (LINE-1) reporter, ATAC-seq, luciferase 
reporter assays, chromatin immunoprecipitation, flow 
cytometry and coculture assay.

RESULTS: We found that high ITH was associated with poor 
patient survival and immune checkpoint blockade (ICB) 
resistance, which were validated in four independent 
ICB-treated trials. Further analysis indicated zinc finger protein 
689 (ZNF689) deficiency as an important determinant of TNBC 
ITH. Mechanistically, the ZNF689-TRIM28 complex directly 
bound to the promoter of LINE-1, inducing H3K9me3-mediated 
transcriptional silencing. ZNF689 deficiency reactivated LINE-1 
retrotransposition to exacerbate genomic instability, which 
promoted ITH. ZNF689 deficiency-induced ITH inhibited 
antigen presentation and CD8+ T cell infiltration, leading to ICB 
resistance. Pharmacological inhibition of LINE-1 
retrotransposition reduced ITH, augmented antitumor 
immunity, and eventually sensitized ZNF689-deficient tumors 
to ICB. Consistently, ZNF689 expression positively correlated 
with favorable prognosis and ICB responsiveness in clinical 
samples.
CONCLUSIONS: Our study uncovers a new mechanism 
underlying ZNF689 deficiency-induced ITH and suggests 
LINE-1 inhibition combined with ICB as a novel treatment 
strategy in TNBC.
The ImPrint immune signature to identify patients with high-risk 
early breast cancer who may benefit from PD1 checkpoint 
inhibition in I-SPY2.

Citation: ASCO 2022 Abstract 514 
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BACKGROUND: The remarkable increase of novel 
Immuno-Oncology drugs in many malignancies has led to the 
need for biomarkers to identify who would benefit. Various 

predictive biomarkers have been developed (PD-1/PD-L1 
expression, mutations in mismatch repair genes and 
microsatellite instability, tumor mutational burden and 
immune infiltration), none have consistently predicted 
efficacy. The I-SPY2 consortium qualified several 
expression-based immune biology related signatures that 
predict response to PD1 checkpoint inhibition. Here we 
assessed whole transcriptome data of high-risk early-breast 
cancer (EBC) patients who received Pembrolizumab within the 
neoadjuvant biomarker-rich I-SPY2 trial (NCT01042379), aiming 
to migrate the I-SPY2 research findings to a robust clinical 
grade platform signature to predict sensitivity to PD1 
checkpoint inhibition. 
METHODS: Whole transcriptome microarray data were 
available from pre-treatment biopsies of 69 HER2- patients 
enrolled in the Pembrolizumab (4 cycles) arm of the I-SPY2 
trial. All patients had a High-Risk 70-gene MammaPrint profile. 
Pathologic complete response (pCR) was defined as no 
residual invasive cancer in breast or nodes at the time of 
surgery. Of the 69 patients, 31 had a pCR (12 HR (hormonal 
receptor)+HER2-, 19 Triple Negative (TN)), while 38 (28 
HR+HER2-, 10 TN) had residual disease (RD). To identify the 
most predictive genes associated with pCR, gene selection was 
performed comparing pCR and RD groups by iteratively 
splitting the dataset in training and test, balancing for HR 
status. Due to limited sample size, leave one out cross 
validation was used for performance assessment. Genes with 
effect size > 0.45 were considered significant. 
Results: A signature of 53 genes, named ImPrint, was identified 
with overall sensitivity and specificity > 90% and > 80% for 

predicting pCR to pembrolizumab in all patients. Sensitivity 
and specificity in TN were > 95% and ≥70%, and in HR+HER2- > 
80% and > 85%, respectively. The Positive Predictive Value (PPV) 
is 77% for the HR+HER2- subgroup. Biological annotation of the 
53 genes showed that over 90% of the genes have known 
immune system related functions, of which 63% were 
previously known to be involved in immune response 
(including genes coding PD-L1 and PD-1, as well as those 
identified in I-SPY2). 
CONCLUSIONS: In the signature development phase, ImPrint 
predicts pCR to Pembrolizumab in a set of 69 high risk EBC 
with high sensitivity and specificity. The signature features 
genes with immune-related functions known to be involved in 
immune response indicating that it might aid identifying 
patients with an immune-active phenotype. Importantly, 
ImPrint appears effective in identifying a subset of HR+HER2- 
patients who could benefit from immunotherapy. External 
validation in independent dataset(s) is ongoing and will be 
presented at the time of the meeting.
Estradiol represses anti-tumoral immune response to promote 
progression of triple-negative breast cancer brain metastases 

Citation: SABCS GS5-07 
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BACKGROUND: Younger women with breast cancer have 
increased risk of development of brain metastases irrespective 
of the tumor subtype. We have shown that pre-menopausal 
levels of 17-β-Estradiol (E2) contributes to the promotion of 
brain metastases by influencing the tumor microenvironment. 
E2 promotes brain metastasis (BM) of estrogen receptor 

negative (ER¯) BC cells by inducing neuroinflammatory ER+ 
astrocytes in the brain niche to secrete pro-metastatic factors 
critical for early brain colonization. Ovarieoctomy (OVX) in 
combination with the aromatase inhibitor (Letrozole) 
prevented brain colonization of triple negative (TNBC) 
(ER-PR-HER2-) human xenografts (MDA231BR/NSG) and 
murine models (E0711/C57Bl6, 4T1/BALBc) through paracrine 
activation of EGFR and TRKB, pathways involved in increased 
invasion and early tumor initiation. Yet, the extent to which 
E2-depletion therapies can decrease progression of 
established BM in combination with current standard of care 
for brain metastasis remains unknown.
Goal: Current standard of care (SOC) for patients with TNBC 
brain metastasis includes irradiation (SRS, whole brain) and 
immunotherapy (PD-1/PDL-1 inhibitors). The goal of this study 
was to assess how E2-depletion therapies affects brain 
immune function in the context of SOC for brain metastatic 
progression of TNBC.
RESULTS: To assess whether E2-depletion could decrease BM 
progression in a model that mimics standard of care for BM, 
TNBC E0771-GFP-luc cells were injected intracardially in 
syngeneic ovariectomized (OVX)-female C57Bl6 mice 
supplemented with pre-menopausal levels of E2. Seven days 
after injection (when cancer cells have colonized), mice 
received a single 15Gy dose brain irradiation and were 
randomized to continue receiving E2, E2 withdrawal (E2WD) or 
E2WD plus the aromatase-inhibitor letrozole (E2WD+LET). 
Brain metastatic burden significantly decreased in E2WD and 
E2WD+Letrozole treated mice as compared to E2-treated mice. 
Injection of E0711 cells in immunocompromised NSG mice or in 

the absence of brain irradiation abolished this effect, 
suggesting that E2-depletion therapies decrease BM 
progression through boosting radiation-induced anti-tumor 
immunity. Accordingly, there were no differences in BM 
progression in E2, E2WD or E2WD+let treated mice in a 
xenograft model (F2-7 TNBC cells) in NSG mice, even in the 
presence of brain irradiation.
Immune-profiling of brains from OVX+E2, OVX and OVX+Let 
C57BL6 mice carrying BMs showed dynamic changes in 
immune populations at early and late stages of brain 
metastatic colonization. At early stages post brain colonization 
(3 days post ic injection) E2-treated mice showed a decreased 
fraction of CD11b+CD45Int CD206+ microglia/CNS 
macrophages as compared to OVX+LET-treated mice, without 
significant changes in the fraction of infiltrated lymphocytes, 
suggesting E2 represses early immunosurveillance through 
repression of microglia/CNS macrophage activation. At later 
stages of brain colonization (7 days post ic injection), E2-treated 
mice showed an increased fraction of proinflammatory 
microglia and decreased fraction of T and B cells as compared 
to OVX or OVX+let treated mice. While E2-depletion increased 
the recruitment of T cells to the brain niche, the fraction of 
CD279 (PD1+) brain T cells was similar among groups. Ongoing 
studies assess the efficacy of E2-depletion therapies in 
combination with brain radiation and PD-1 inhibitors to 
decrease metastatic burden and improve survival in preclinical 
models.
CONCLUSION: Our results support the hypothesis that 
estradiol promotes brain metastatic progression by 
stimulating an immunosuppressive brain microenvironment. 

As such, FDA-approved E2-depletion therapies (aromatase 
inhibitors and selective-estrogen modulators) could be used in 
combination with brain irradiation and PD-1 inhibitors to 
promote a more effective anti-tumoral immune response.
Results from plasmaMATCH trial cohort E: A phase II trial of 
olaparib and ceralasertib in patients with triple-negative 
advanced breast cancer (CRUK/15/010).

Citation: Journal of Clinical Oncology 40, no. 16_suppl (June 01, 
2022) 1024-1024. 
Author: Alistair E. Ring 
BACKGROUND: The plasmaMATCH trial was an open label 
platform trial, consisting of circulating tumour DNA (ctDNA) 
testing in 1000 patients with advanced breast cancer (ABC) 
linked to parallel treatment cohorts with therapies matched to 
mutations identified in ctDNA. Cohorts A-D have already 
reported (Turner N et al, Lancet Oncol 2020). Cohort E recruited 
patients with triple negative breast cancer (TNBC) without a 
targetable mutation identified at ctDNA screening, treating 
with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods: Patients with TNBC who had received 1 or 2 lines of 
chemotherapy for advanced disease or relapsed within 12 
months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and 
ceralasertib 160mg qd on days 1–7 on a 28 day cycle, until 
disease progression. The primary endpoint was confirmed 
objective response rate by RECIST v1.1. Secondary endpoints 
included clinical benefit rate, progression-free survival (PFS) 
and safety. Biomarker analysis included response according to 
BRCA and somatic DNA repair gene status and ATM loss. Using 

a two-stage design with a target response rate of 25%, 
unacceptable response rate of 10%, alpha=2% and power=90%, 
≥13 responses out of 69 evaluable stage 2 patients were 
required to infer efficacy (5/37 stage 1). 
RESULTS: Between 17/09/18 and 5/10/20 75 patients enrolled in 
Cohort E of whom 70 were evaluable for response. The median 
age was 55.6 years. 42 (56%) patients had 1 and 13 (17.3%) had 2 
prior line(s) of chemotherapy for metastatic disease. Efficacy is 
shown in Table. The most common grade ≥3 adverse events 
were: hypertension 12 (17%) and anaemia 9 (13%). Dose 
reductions and interruptions occurred in 19 (26.4%) and 34 
(47.2%) patients respectively. 
CONCLUSIONS: The response rate to olaparib and ceralasertib 
did not meet pre-specified criteria for efficacy in the overall 
evaluable population. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations. Translational 
analyses are underway to identify potential biomarkers of 
response in this population and will be presented at the 
meeting.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)

Citation: ESMO Congress 210O 
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 

Citation: SABCS GS5-08 
Author: Hu X
BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)

Citation: ESMO Congress 210O 
Author: Antonio Marra
BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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Author: Antonio Marra
BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 

Citation: SABCS GS5-08 
Author: Hu X
BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)

Citation: ESMO Congress 210O 
Author: Antonio Marra
BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking

Citation: SABCS GS4-06 
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
Author: Anton Mikhailovich Safonov
BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 

Citation: SABCS GS5-08 
Author: Hu X
BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)

Citation: ESMO Congress 210O 
Author: Antonio Marra
BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking

Citation: SABCS GS4-06 
Author: Winham S 
Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.
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nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
Author: Anton Mikhailovich Safonov
BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Breast Cancers Are Immunogenic: Immunologic Analyses and a 
Phase II Pilot Clinical Trial Using Mutation-Reactive Autologous 
Lymphocytes
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PURPOSE: Metastatic breast cancer (mBrCa) is most often an 
incurable disease with only modest responses to available 
immunotherapies. This study investigates the immunogenicity 
of somatic mutations in breast cancer and explores the 
therapeutic efficacy in a pilot trial of mutation-reactive 
tumor-infiltrating lymphocytes (TILs) in patients with 
metastatic disease.
PATIENTS AND METHODS: Forty-two patients with mBrCa 
refractory to previous lines of treatment underwent surgical 
resection of a metastatic lesion(s), isolation of TIL cultures, 
identification of exomic nonsynonymous tumor mutations, 
and immunologic screening for neoantigen reactivity. 
Clinically eligible patients with appropriate reactivity were 
enrolled into one cohort of an ongoing phase II pilot trial of 
adoptive cell transfer of selected neoantigen-reactive TIL, with 
a short course of pembrolizumab (ClinicalTrials.gov identifier: 
NCT01174121).
RESULTS: TILs were isolated and grown in culture from the 
resected lesions of all 42 patients with mBrCa, and a median 
number of 112 (range: 6-563) nonsynonymous mutations per 
patient were identified. Twenty-eight of 42 (67%) patients 
contained TIL that recognized at least one immunogenic 
somatic mutation (median: 3 neoantigens per patient, range: 
1-11), and 13 patients demonstrated robust reactivity 

appropriate for adoptive transfer. Eight patients remained 
clinically eligible for treatment, and six patients were enrolled 
on a protocol of adoptive cell transfer of enriched 
neoantigen-specific TIL, in combination with pembrolizumab 
(≤ 4 doses). Objective tumor regression was noted in three 
patients, including one complete response (now ongoing over 
5.5 years) and two partial responses (6 and 10 months).
CONCLUSION: Most patients with breast cancer generated a 
natural immune response targeting the expressed products of 
their cancer mutations. Adoptive transfer of TIL is a highly 
personalized experimental option for patients with mBrCa 
shown to be capable of mediating objective responses in this 
pilot trial and deserves further study.
InteractPrint predicts clinically meaningful interactions 
between cancer epithelial cells and immune cells: Lessons from 
a single-cell breast cancer atlas
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BACKGROUND: While immunotherapy has revolutionized the 
treatment of many solid tumors, the efficacy of 
immunotherapy regimens is comparatively lower in breast 
cancer. Immunotherapy efficacy is often negatively correlated 
with intratumor heterogeneity. Novel immunotherapy 
approaches in breast cancer should leverage how cancer 
epithelial cell heterogeneity affects immune cells in the tumor 
microenvironment. However, current definitions of cancer 
epithelial cell heterogeneity in breast cancer have limited 
resolution. Single cell RNA-seq (scRNA-seq) provides an 
unprecedented opportunity to further define cancer epithelial 

cell heterogeneity and identify how heterogeneity influences 
interactions with immune cells.
METHODS: We generated a novel scRNA-seq dataset of 236,363 
cells from 119 primary breast tumors biopsied from 88 patients 
taken from 8 publicly available datasets, currently the largest 
published scRNA-seq dataset in breast cancer. To define 
cancer epithelial cell heterogeneity, we performed 
unsupervised clustering and supervised clustering based on 
molecular subtype and expression of clinical target genes on 
all cancer epithelial cells. This identified 11 gene elements (GEs), 
which reflect key molecular features that vary between cancer 
epithelial cells. Receptor-ligand pairing analysis allowed us to 
determine how cells that highly express each GE interact with 
various immune cells. We developed InteractPrint, a score to 
predict the predominant tumor-interacting immune cells, 
based on the GE composition of an individual patient tumor.
RESULTS: In our dataset, 17% of samples were HER2+, 41% were 
HR+, and 42% were TNBC. This dataset was statistically 
powered to characterize cancer epithelial cell heterogeneity. 
For each of the 11 GEs, we predicted interactions with immune 
cells. Experimentally, GEs with predicted NK cell interactions 
showed sensitivity to NK cell cytotoxicity. In a spatially resolved 
transcriptomics dataset, GEs with predicted T cell interactions 
demonstrated colocalization with CD8+ T cells, while those 
with limited predicted T cell interactions did not. To infer 
GE-immune interactions at the patient level (GEs define 
cell-level interactions), we developed InteractPrint. To validate 
InteractPrint, we assessed the accuracy of the T cell 
InteractPrint in predicting response to anti-PD-1 therapy. 
Across two trials and all breast cancer subtypes, T cell 

InteractPrint demonstrated significant improvement over 
PD-L1 in predicting response to anti-PD-1 therapy. In an 
scRNA-seq dataset of samples from patients treated with 
pembrolizumab, we observed AUC of 85% (p < 0.005) for T cell 
InteractPrint vs. 61% (p > 0.05) for PD-L1 in predicting response 
to anti-PD-1 therapy. In patients treated with paclitaxel + 
pembrolizumab in the I-SPY 2 trial, we observed AUC of 81% (p 
< 0.00001) for T cell InteractPrint versus 72% (p = 0.001) for 
PD-L1.
CONCLUSIONS: Our results demonstrate considerable cancer 
epithelial cell heterogeneity across primary breast tumor 
samples and clinical subtypes. We defined this heterogeneity 
and leveraged it to predict immune cell interactions within a 
patient’s tumor. We developed T cell InteractPrint to capture 
heterogeneous interactions between cancer epithelial cells 
and CD8+ T cells. T cell InteractPrint is predictive of response to 
anti-PD-1 immune checkpoint inhibition at higher AUC than 
PD-L1. This provides a path forward for the interpretation of 
cancer epithelial cell heterogeneity in a clinically meaningful 
way.
Development of an automated liquid biopsy assay for 
methylated markers in advanced breast cancer
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Current molecular liquid biopsy assays to detect recurrence or 
monitor response to treatment require sophisticated 
technology, highly trained personnel, and a turnaround time of 
weeks. We describe the development and technical validation 
of an automated Liquid Biopsy for Breast Cancer Methylation 

(LBx-BCM) prototype, a DNA methylation detection cartridge 
assay that is simple to perform and quantitatively detects nine 
methylated markers within 4.5 hours. LBx-BCM demonstrated 
high interassay reproducibility when analyzing exogenous 
methylated DNA (75–300 DNA copies) spiked into plasma 
(coefficient of variation, CV = 7.1%–10.9%) and serum (CV = 
19.1%–36.1%). It also demonstrated high interuser reproducibility 
(Spearman r = 0.887, P < 0.0001) when samples of metastatic 
breast cancer (MBC, N = 11) and normal control (N = 4) were 
evaluated independently by two users. Analyses of 
interplatform reproducibility indicated very high concordance 
between LBx-BCM and the reference assay, cMethDNA, 
among 66 paired plasma samples [MBC N = 40, controls N = 26; 
Spearman r = 0.891; 95% confidence interval (CI) = 0.825–0.933, 
P < 0.0001]. LBx-BCM achieved a ROC AUC = 0.909 (95% CI = 
0.836–0.982), 83% sensitivity and 92% specificity; cMethDNA 
achieved a ROC AUC = 0.896 (95% CI = 0.817–0.974), 83% 
sensitivity and 92% specificity in test set samples. The 
automated LBx-BCM cartridge prototype is fast, with 
performance levels equivalent to the highly sensitive, manual 
cMethDNA method. Future prospective clinical studies will 
evaluate LBx-BCM detection sensitivity and its ability to 
monitor therapeutic response during treatment for advanced 
breast cancer. 
SIGNIFICANCE: We technically validated an automated, 
cartridge-based, liquid biopsy prototype assay, to 
quantitatively measure breast cancer methylation in serum or 
plasma of patients with MBC, that demonstrated high 
sensitivity and specificity.
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nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer

Citation: SABCS GS3-07 
Author: Guarducci C 
BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Breast Cancers Are Immunogenic: Immunologic Analyses and a 
Phase II Pilot Clinical Trial Using Mutation-Reactive Autologous 
Lymphocytes
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PURPOSE: Metastatic breast cancer (mBrCa) is most often an 
incurable disease with only modest responses to available 
immunotherapies. This study investigates the immunogenicity 
of somatic mutations in breast cancer and explores the 
therapeutic efficacy in a pilot trial of mutation-reactive 
tumor-infiltrating lymphocytes (TILs) in patients with 
metastatic disease.
PATIENTS AND METHODS: Forty-two patients with mBrCa 
refractory to previous lines of treatment underwent surgical 
resection of a metastatic lesion(s), isolation of TIL cultures, 
identification of exomic nonsynonymous tumor mutations, 
and immunologic screening for neoantigen reactivity. 
Clinically eligible patients with appropriate reactivity were 
enrolled into one cohort of an ongoing phase II pilot trial of 
adoptive cell transfer of selected neoantigen-reactive TIL, with 
a short course of pembrolizumab (ClinicalTrials.gov identifier: 
NCT01174121).
RESULTS: TILs were isolated and grown in culture from the 
resected lesions of all 42 patients with mBrCa, and a median 
number of 112 (range: 6-563) nonsynonymous mutations per 
patient were identified. Twenty-eight of 42 (67%) patients 
contained TIL that recognized at least one immunogenic 
somatic mutation (median: 3 neoantigens per patient, range: 
1-11), and 13 patients demonstrated robust reactivity 

appropriate for adoptive transfer. Eight patients remained 
clinically eligible for treatment, and six patients were enrolled 
on a protocol of adoptive cell transfer of enriched 
neoantigen-specific TIL, in combination with pembrolizumab 
(≤ 4 doses). Objective tumor regression was noted in three 
patients, including one complete response (now ongoing over 
5.5 years) and two partial responses (6 and 10 months).
CONCLUSION: Most patients with breast cancer generated a 
natural immune response targeting the expressed products of 
their cancer mutations. Adoptive transfer of TIL is a highly 
personalized experimental option for patients with mBrCa 
shown to be capable of mediating objective responses in this 
pilot trial and deserves further study.
InteractPrint predicts clinically meaningful interactions 
between cancer epithelial cells and immune cells: Lessons from 
a single-cell breast cancer atlas
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BACKGROUND: While immunotherapy has revolutionized the 
treatment of many solid tumors, the efficacy of 
immunotherapy regimens is comparatively lower in breast 
cancer. Immunotherapy efficacy is often negatively correlated 
with intratumor heterogeneity. Novel immunotherapy 
approaches in breast cancer should leverage how cancer 
epithelial cell heterogeneity affects immune cells in the tumor 
microenvironment. However, current definitions of cancer 
epithelial cell heterogeneity in breast cancer have limited 
resolution. Single cell RNA-seq (scRNA-seq) provides an 
unprecedented opportunity to further define cancer epithelial 

cell heterogeneity and identify how heterogeneity influences 
interactions with immune cells.
METHODS: We generated a novel scRNA-seq dataset of 236,363 
cells from 119 primary breast tumors biopsied from 88 patients 
taken from 8 publicly available datasets, currently the largest 
published scRNA-seq dataset in breast cancer. To define 
cancer epithelial cell heterogeneity, we performed 
unsupervised clustering and supervised clustering based on 
molecular subtype and expression of clinical target genes on 
all cancer epithelial cells. This identified 11 gene elements (GEs), 
which reflect key molecular features that vary between cancer 
epithelial cells. Receptor-ligand pairing analysis allowed us to 
determine how cells that highly express each GE interact with 
various immune cells. We developed InteractPrint, a score to 
predict the predominant tumor-interacting immune cells, 
based on the GE composition of an individual patient tumor.
RESULTS: In our dataset, 17% of samples were HER2+, 41% were 
HR+, and 42% were TNBC. This dataset was statistically 
powered to characterize cancer epithelial cell heterogeneity. 
For each of the 11 GEs, we predicted interactions with immune 
cells. Experimentally, GEs with predicted NK cell interactions 
showed sensitivity to NK cell cytotoxicity. In a spatially resolved 
transcriptomics dataset, GEs with predicted T cell interactions 
demonstrated colocalization with CD8+ T cells, while those 
with limited predicted T cell interactions did not. To infer 
GE-immune interactions at the patient level (GEs define 
cell-level interactions), we developed InteractPrint. To validate 
InteractPrint, we assessed the accuracy of the T cell 
InteractPrint in predicting response to anti-PD-1 therapy. 
Across two trials and all breast cancer subtypes, T cell 

InteractPrint demonstrated significant improvement over 
PD-L1 in predicting response to anti-PD-1 therapy. In an 
scRNA-seq dataset of samples from patients treated with 
pembrolizumab, we observed AUC of 85% (p < 0.005) for T cell 
InteractPrint vs. 61% (p > 0.05) for PD-L1 in predicting response 
to anti-PD-1 therapy. In patients treated with paclitaxel + 
pembrolizumab in the I-SPY 2 trial, we observed AUC of 81% (p 
< 0.00001) for T cell InteractPrint versus 72% (p = 0.001) for 
PD-L1.
CONCLUSIONS: Our results demonstrate considerable cancer 
epithelial cell heterogeneity across primary breast tumor 
samples and clinical subtypes. We defined this heterogeneity 
and leveraged it to predict immune cell interactions within a 
patient’s tumor. We developed T cell InteractPrint to capture 
heterogeneous interactions between cancer epithelial cells 
and CD8+ T cells. T cell InteractPrint is predictive of response to 
anti-PD-1 immune checkpoint inhibition at higher AUC than 
PD-L1. This provides a path forward for the interpretation of 
cancer epithelial cell heterogeneity in a clinically meaningful 
way.
Development of an automated liquid biopsy assay for 
methylated markers in advanced breast cancer
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Current molecular liquid biopsy assays to detect recurrence or 
monitor response to treatment require sophisticated 
technology, highly trained personnel, and a turnaround time of 
weeks. We describe the development and technical validation 
of an automated Liquid Biopsy for Breast Cancer Methylation 

(LBx-BCM) prototype, a DNA methylation detection cartridge 
assay that is simple to perform and quantitatively detects nine 
methylated markers within 4.5 hours. LBx-BCM demonstrated 
high interassay reproducibility when analyzing exogenous 
methylated DNA (75–300 DNA copies) spiked into plasma 
(coefficient of variation, CV = 7.1%–10.9%) and serum (CV = 
19.1%–36.1%). It also demonstrated high interuser reproducibility 
(Spearman r = 0.887, P < 0.0001) when samples of metastatic 
breast cancer (MBC, N = 11) and normal control (N = 4) were 
evaluated independently by two users. Analyses of 
interplatform reproducibility indicated very high concordance 
between LBx-BCM and the reference assay, cMethDNA, 
among 66 paired plasma samples [MBC N = 40, controls N = 26; 
Spearman r = 0.891; 95% confidence interval (CI) = 0.825–0.933, 
P < 0.0001]. LBx-BCM achieved a ROC AUC = 0.909 (95% CI = 
0.836–0.982), 83% sensitivity and 92% specificity; cMethDNA 
achieved a ROC AUC = 0.896 (95% CI = 0.817–0.974), 83% 
sensitivity and 92% specificity in test set samples. The 
automated LBx-BCM cartridge prototype is fast, with 
performance levels equivalent to the highly sensitive, manual 
cMethDNA method. Future prospective clinical studies will 
evaluate LBx-BCM detection sensitivity and its ability to 
monitor therapeutic response during treatment for advanced 
breast cancer. 
SIGNIFICANCE: We technically validated an automated, 
cartridge-based, liquid biopsy prototype assay, to 
quantitatively measure breast cancer methylation in serum or 
plasma of patients with MBC, that demonstrated high 
sensitivity and specificity.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Breast Cancers Are Immunogenic: Immunologic Analyses and a 
Phase II Pilot Clinical Trial Using Mutation-Reactive Autologous 
Lymphocytes
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PURPOSE: Metastatic breast cancer (mBrCa) is most often an 
incurable disease with only modest responses to available 
immunotherapies. This study investigates the immunogenicity 
of somatic mutations in breast cancer and explores the 
therapeutic efficacy in a pilot trial of mutation-reactive 
tumor-infiltrating lymphocytes (TILs) in patients with 
metastatic disease.
PATIENTS AND METHODS: Forty-two patients with mBrCa 
refractory to previous lines of treatment underwent surgical 
resection of a metastatic lesion(s), isolation of TIL cultures, 
identification of exomic nonsynonymous tumor mutations, 
and immunologic screening for neoantigen reactivity. 
Clinically eligible patients with appropriate reactivity were 
enrolled into one cohort of an ongoing phase II pilot trial of 
adoptive cell transfer of selected neoantigen-reactive TIL, with 
a short course of pembrolizumab (ClinicalTrials.gov identifier: 
NCT01174121).
RESULTS: TILs were isolated and grown in culture from the 
resected lesions of all 42 patients with mBrCa, and a median 
number of 112 (range: 6-563) nonsynonymous mutations per 
patient were identified. Twenty-eight of 42 (67%) patients 
contained TIL that recognized at least one immunogenic 
somatic mutation (median: 3 neoantigens per patient, range: 
1-11), and 13 patients demonstrated robust reactivity 

appropriate for adoptive transfer. Eight patients remained 
clinically eligible for treatment, and six patients were enrolled 
on a protocol of adoptive cell transfer of enriched 
neoantigen-specific TIL, in combination with pembrolizumab 
(≤ 4 doses). Objective tumor regression was noted in three 
patients, including one complete response (now ongoing over 
5.5 years) and two partial responses (6 and 10 months).
CONCLUSION: Most patients with breast cancer generated a 
natural immune response targeting the expressed products of 
their cancer mutations. Adoptive transfer of TIL is a highly 
personalized experimental option for patients with mBrCa 
shown to be capable of mediating objective responses in this 
pilot trial and deserves further study.
InteractPrint predicts clinically meaningful interactions 
between cancer epithelial cells and immune cells: Lessons from 
a single-cell breast cancer atlas
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BACKGROUND: While immunotherapy has revolutionized the 
treatment of many solid tumors, the efficacy of 
immunotherapy regimens is comparatively lower in breast 
cancer. Immunotherapy efficacy is often negatively correlated 
with intratumor heterogeneity. Novel immunotherapy 
approaches in breast cancer should leverage how cancer 
epithelial cell heterogeneity affects immune cells in the tumor 
microenvironment. However, current definitions of cancer 
epithelial cell heterogeneity in breast cancer have limited 
resolution. Single cell RNA-seq (scRNA-seq) provides an 
unprecedented opportunity to further define cancer epithelial 

cell heterogeneity and identify how heterogeneity influences 
interactions with immune cells.
METHODS: We generated a novel scRNA-seq dataset of 236,363 
cells from 119 primary breast tumors biopsied from 88 patients 
taken from 8 publicly available datasets, currently the largest 
published scRNA-seq dataset in breast cancer. To define 
cancer epithelial cell heterogeneity, we performed 
unsupervised clustering and supervised clustering based on 
molecular subtype and expression of clinical target genes on 
all cancer epithelial cells. This identified 11 gene elements (GEs), 
which reflect key molecular features that vary between cancer 
epithelial cells. Receptor-ligand pairing analysis allowed us to 
determine how cells that highly express each GE interact with 
various immune cells. We developed InteractPrint, a score to 
predict the predominant tumor-interacting immune cells, 
based on the GE composition of an individual patient tumor.
RESULTS: In our dataset, 17% of samples were HER2+, 41% were 
HR+, and 42% were TNBC. This dataset was statistically 
powered to characterize cancer epithelial cell heterogeneity. 
For each of the 11 GEs, we predicted interactions with immune 
cells. Experimentally, GEs with predicted NK cell interactions 
showed sensitivity to NK cell cytotoxicity. In a spatially resolved 
transcriptomics dataset, GEs with predicted T cell interactions 
demonstrated colocalization with CD8+ T cells, while those 
with limited predicted T cell interactions did not. To infer 
GE-immune interactions at the patient level (GEs define 
cell-level interactions), we developed InteractPrint. To validate 
InteractPrint, we assessed the accuracy of the T cell 
InteractPrint in predicting response to anti-PD-1 therapy. 
Across two trials and all breast cancer subtypes, T cell 

InteractPrint demonstrated significant improvement over 
PD-L1 in predicting response to anti-PD-1 therapy. In an 
scRNA-seq dataset of samples from patients treated with 
pembrolizumab, we observed AUC of 85% (p < 0.005) for T cell 
InteractPrint vs. 61% (p > 0.05) for PD-L1 in predicting response 
to anti-PD-1 therapy. In patients treated with paclitaxel + 
pembrolizumab in the I-SPY 2 trial, we observed AUC of 81% (p 
< 0.00001) for T cell InteractPrint versus 72% (p = 0.001) for 
PD-L1.
CONCLUSIONS: Our results demonstrate considerable cancer 
epithelial cell heterogeneity across primary breast tumor 
samples and clinical subtypes. We defined this heterogeneity 
and leveraged it to predict immune cell interactions within a 
patient’s tumor. We developed T cell InteractPrint to capture 
heterogeneous interactions between cancer epithelial cells 
and CD8+ T cells. T cell InteractPrint is predictive of response to 
anti-PD-1 immune checkpoint inhibition at higher AUC than 
PD-L1. This provides a path forward for the interpretation of 
cancer epithelial cell heterogeneity in a clinically meaningful 
way.
Development of an automated liquid biopsy assay for 
methylated markers in advanced breast cancer
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Current molecular liquid biopsy assays to detect recurrence or 
monitor response to treatment require sophisticated 
technology, highly trained personnel, and a turnaround time of 
weeks. We describe the development and technical validation 
of an automated Liquid Biopsy for Breast Cancer Methylation 

(LBx-BCM) prototype, a DNA methylation detection cartridge 
assay that is simple to perform and quantitatively detects nine 
methylated markers within 4.5 hours. LBx-BCM demonstrated 
high interassay reproducibility when analyzing exogenous 
methylated DNA (75–300 DNA copies) spiked into plasma 
(coefficient of variation, CV = 7.1%–10.9%) and serum (CV = 
19.1%–36.1%). It also demonstrated high interuser reproducibility 
(Spearman r = 0.887, P < 0.0001) when samples of metastatic 
breast cancer (MBC, N = 11) and normal control (N = 4) were 
evaluated independently by two users. Analyses of 
interplatform reproducibility indicated very high concordance 
between LBx-BCM and the reference assay, cMethDNA, 
among 66 paired plasma samples [MBC N = 40, controls N = 26; 
Spearman r = 0.891; 95% confidence interval (CI) = 0.825–0.933, 
P < 0.0001]. LBx-BCM achieved a ROC AUC = 0.909 (95% CI = 
0.836–0.982), 83% sensitivity and 92% specificity; cMethDNA 
achieved a ROC AUC = 0.896 (95% CI = 0.817–0.974), 83% 
sensitivity and 92% specificity in test set samples. The 
automated LBx-BCM cartridge prototype is fast, with 
performance levels equivalent to the highly sensitive, manual 
cMethDNA method. Future prospective clinical studies will 
evaluate LBx-BCM detection sensitivity and its ability to 
monitor therapeutic response during treatment for advanced 
breast cancer. 
SIGNIFICANCE: We technically validated an automated, 
cartridge-based, liquid biopsy prototype assay, to 
quantitatively measure breast cancer methylation in serum or 
plasma of patients with MBC, that demonstrated high 
sensitivity and specificity.
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nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Breast Cancers Are Immunogenic: Immunologic Analyses and a 
Phase II Pilot Clinical Trial Using Mutation-Reactive Autologous 
Lymphocytes
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PURPOSE: Metastatic breast cancer (mBrCa) is most often an 
incurable disease with only modest responses to available 
immunotherapies. This study investigates the immunogenicity 
of somatic mutations in breast cancer and explores the 
therapeutic efficacy in a pilot trial of mutation-reactive 
tumor-infiltrating lymphocytes (TILs) in patients with 
metastatic disease.
PATIENTS AND METHODS: Forty-two patients with mBrCa 
refractory to previous lines of treatment underwent surgical 
resection of a metastatic lesion(s), isolation of TIL cultures, 
identification of exomic nonsynonymous tumor mutations, 
and immunologic screening for neoantigen reactivity. 
Clinically eligible patients with appropriate reactivity were 
enrolled into one cohort of an ongoing phase II pilot trial of 
adoptive cell transfer of selected neoantigen-reactive TIL, with 
a short course of pembrolizumab (ClinicalTrials.gov identifier: 
NCT01174121).
RESULTS: TILs were isolated and grown in culture from the 
resected lesions of all 42 patients with mBrCa, and a median 
number of 112 (range: 6-563) nonsynonymous mutations per 
patient were identified. Twenty-eight of 42 (67%) patients 
contained TIL that recognized at least one immunogenic 
somatic mutation (median: 3 neoantigens per patient, range: 
1-11), and 13 patients demonstrated robust reactivity 

appropriate for adoptive transfer. Eight patients remained 
clinically eligible for treatment, and six patients were enrolled 
on a protocol of adoptive cell transfer of enriched 
neoantigen-specific TIL, in combination with pembrolizumab 
(≤ 4 doses). Objective tumor regression was noted in three 
patients, including one complete response (now ongoing over 
5.5 years) and two partial responses (6 and 10 months).
CONCLUSION: Most patients with breast cancer generated a 
natural immune response targeting the expressed products of 
their cancer mutations. Adoptive transfer of TIL is a highly 
personalized experimental option for patients with mBrCa 
shown to be capable of mediating objective responses in this 
pilot trial and deserves further study.
InteractPrint predicts clinically meaningful interactions 
between cancer epithelial cells and immune cells: Lessons from 
a single-cell breast cancer atlas
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BACKGROUND: While immunotherapy has revolutionized the 
treatment of many solid tumors, the efficacy of 
immunotherapy regimens is comparatively lower in breast 
cancer. Immunotherapy efficacy is often negatively correlated 
with intratumor heterogeneity. Novel immunotherapy 
approaches in breast cancer should leverage how cancer 
epithelial cell heterogeneity affects immune cells in the tumor 
microenvironment. However, current definitions of cancer 
epithelial cell heterogeneity in breast cancer have limited 
resolution. Single cell RNA-seq (scRNA-seq) provides an 
unprecedented opportunity to further define cancer epithelial 

cell heterogeneity and identify how heterogeneity influences 
interactions with immune cells.
METHODS: We generated a novel scRNA-seq dataset of 236,363 
cells from 119 primary breast tumors biopsied from 88 patients 
taken from 8 publicly available datasets, currently the largest 
published scRNA-seq dataset in breast cancer. To define 
cancer epithelial cell heterogeneity, we performed 
unsupervised clustering and supervised clustering based on 
molecular subtype and expression of clinical target genes on 
all cancer epithelial cells. This identified 11 gene elements (GEs), 
which reflect key molecular features that vary between cancer 
epithelial cells. Receptor-ligand pairing analysis allowed us to 
determine how cells that highly express each GE interact with 
various immune cells. We developed InteractPrint, a score to 
predict the predominant tumor-interacting immune cells, 
based on the GE composition of an individual patient tumor.
RESULTS: In our dataset, 17% of samples were HER2+, 41% were 
HR+, and 42% were TNBC. This dataset was statistically 
powered to characterize cancer epithelial cell heterogeneity. 
For each of the 11 GEs, we predicted interactions with immune 
cells. Experimentally, GEs with predicted NK cell interactions 
showed sensitivity to NK cell cytotoxicity. In a spatially resolved 
transcriptomics dataset, GEs with predicted T cell interactions 
demonstrated colocalization with CD8+ T cells, while those 
with limited predicted T cell interactions did not. To infer 
GE-immune interactions at the patient level (GEs define 
cell-level interactions), we developed InteractPrint. To validate 
InteractPrint, we assessed the accuracy of the T cell 
InteractPrint in predicting response to anti-PD-1 therapy. 
Across two trials and all breast cancer subtypes, T cell 

InteractPrint demonstrated significant improvement over 
PD-L1 in predicting response to anti-PD-1 therapy. In an 
scRNA-seq dataset of samples from patients treated with 
pembrolizumab, we observed AUC of 85% (p < 0.005) for T cell 
InteractPrint vs. 61% (p > 0.05) for PD-L1 in predicting response 
to anti-PD-1 therapy. In patients treated with paclitaxel + 
pembrolizumab in the I-SPY 2 trial, we observed AUC of 81% (p 
< 0.00001) for T cell InteractPrint versus 72% (p = 0.001) for 
PD-L1.
CONCLUSIONS: Our results demonstrate considerable cancer 
epithelial cell heterogeneity across primary breast tumor 
samples and clinical subtypes. We defined this heterogeneity 
and leveraged it to predict immune cell interactions within a 
patient’s tumor. We developed T cell InteractPrint to capture 
heterogeneous interactions between cancer epithelial cells 
and CD8+ T cells. T cell InteractPrint is predictive of response to 
anti-PD-1 immune checkpoint inhibition at higher AUC than 
PD-L1. This provides a path forward for the interpretation of 
cancer epithelial cell heterogeneity in a clinically meaningful 
way.
Development of an automated liquid biopsy assay for 
methylated markers in advanced breast cancer
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Current molecular liquid biopsy assays to detect recurrence or 
monitor response to treatment require sophisticated 
technology, highly trained personnel, and a turnaround time of 
weeks. We describe the development and technical validation 
of an automated Liquid Biopsy for Breast Cancer Methylation 

(LBx-BCM) prototype, a DNA methylation detection cartridge 
assay that is simple to perform and quantitatively detects nine 
methylated markers within 4.5 hours. LBx-BCM demonstrated 
high interassay reproducibility when analyzing exogenous 
methylated DNA (75–300 DNA copies) spiked into plasma 
(coefficient of variation, CV = 7.1%–10.9%) and serum (CV = 
19.1%–36.1%). It also demonstrated high interuser reproducibility 
(Spearman r = 0.887, P < 0.0001) when samples of metastatic 
breast cancer (MBC, N = 11) and normal control (N = 4) were 
evaluated independently by two users. Analyses of 
interplatform reproducibility indicated very high concordance 
between LBx-BCM and the reference assay, cMethDNA, 
among 66 paired plasma samples [MBC N = 40, controls N = 26; 
Spearman r = 0.891; 95% confidence interval (CI) = 0.825–0.933, 
P < 0.0001]. LBx-BCM achieved a ROC AUC = 0.909 (95% CI = 
0.836–0.982), 83% sensitivity and 92% specificity; cMethDNA 
achieved a ROC AUC = 0.896 (95% CI = 0.817–0.974), 83% 
sensitivity and 92% specificity in test set samples. The 
automated LBx-BCM cartridge prototype is fast, with 
performance levels equivalent to the highly sensitive, manual 
cMethDNA method. Future prospective clinical studies will 
evaluate LBx-BCM detection sensitivity and its ability to 
monitor therapeutic response during treatment for advanced 
breast cancer. 
SIGNIFICANCE: We technically validated an automated, 
cartridge-based, liquid biopsy prototype assay, to 
quantitatively measure breast cancer methylation in serum or 
plasma of patients with MBC, that demonstrated high 
sensitivity and specificity.
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nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Breast Cancers Are Immunogenic: Immunologic Analyses and a 
Phase II Pilot Clinical Trial Using Mutation-Reactive Autologous 
Lymphocytes
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PURPOSE: Metastatic breast cancer (mBrCa) is most often an 
incurable disease with only modest responses to available 
immunotherapies. This study investigates the immunogenicity 
of somatic mutations in breast cancer and explores the 
therapeutic efficacy in a pilot trial of mutation-reactive 
tumor-infiltrating lymphocytes (TILs) in patients with 
metastatic disease.
PATIENTS AND METHODS: Forty-two patients with mBrCa 
refractory to previous lines of treatment underwent surgical 
resection of a metastatic lesion(s), isolation of TIL cultures, 
identification of exomic nonsynonymous tumor mutations, 
and immunologic screening for neoantigen reactivity. 
Clinically eligible patients with appropriate reactivity were 
enrolled into one cohort of an ongoing phase II pilot trial of 
adoptive cell transfer of selected neoantigen-reactive TIL, with 
a short course of pembrolizumab (ClinicalTrials.gov identifier: 
NCT01174121).
RESULTS: TILs were isolated and grown in culture from the 
resected lesions of all 42 patients with mBrCa, and a median 
number of 112 (range: 6-563) nonsynonymous mutations per 
patient were identified. Twenty-eight of 42 (67%) patients 
contained TIL that recognized at least one immunogenic 
somatic mutation (median: 3 neoantigens per patient, range: 
1-11), and 13 patients demonstrated robust reactivity 

appropriate for adoptive transfer. Eight patients remained 
clinically eligible for treatment, and six patients were enrolled 
on a protocol of adoptive cell transfer of enriched 
neoantigen-specific TIL, in combination with pembrolizumab 
(≤ 4 doses). Objective tumor regression was noted in three 
patients, including one complete response (now ongoing over 
5.5 years) and two partial responses (6 and 10 months).
CONCLUSION: Most patients with breast cancer generated a 
natural immune response targeting the expressed products of 
their cancer mutations. Adoptive transfer of TIL is a highly 
personalized experimental option for patients with mBrCa 
shown to be capable of mediating objective responses in this 
pilot trial and deserves further study.
InteractPrint predicts clinically meaningful interactions 
between cancer epithelial cells and immune cells: Lessons from 
a single-cell breast cancer atlas
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BACKGROUND: While immunotherapy has revolutionized the 
treatment of many solid tumors, the efficacy of 
immunotherapy regimens is comparatively lower in breast 
cancer. Immunotherapy efficacy is often negatively correlated 
with intratumor heterogeneity. Novel immunotherapy 
approaches in breast cancer should leverage how cancer 
epithelial cell heterogeneity affects immune cells in the tumor 
microenvironment. However, current definitions of cancer 
epithelial cell heterogeneity in breast cancer have limited 
resolution. Single cell RNA-seq (scRNA-seq) provides an 
unprecedented opportunity to further define cancer epithelial 

cell heterogeneity and identify how heterogeneity influences 
interactions with immune cells.
METHODS: We generated a novel scRNA-seq dataset of 236,363 
cells from 119 primary breast tumors biopsied from 88 patients 
taken from 8 publicly available datasets, currently the largest 
published scRNA-seq dataset in breast cancer. To define 
cancer epithelial cell heterogeneity, we performed 
unsupervised clustering and supervised clustering based on 
molecular subtype and expression of clinical target genes on 
all cancer epithelial cells. This identified 11 gene elements (GEs), 
which reflect key molecular features that vary between cancer 
epithelial cells. Receptor-ligand pairing analysis allowed us to 
determine how cells that highly express each GE interact with 
various immune cells. We developed InteractPrint, a score to 
predict the predominant tumor-interacting immune cells, 
based on the GE composition of an individual patient tumor.
RESULTS: In our dataset, 17% of samples were HER2+, 41% were 
HR+, and 42% were TNBC. This dataset was statistically 
powered to characterize cancer epithelial cell heterogeneity. 
For each of the 11 GEs, we predicted interactions with immune 
cells. Experimentally, GEs with predicted NK cell interactions 
showed sensitivity to NK cell cytotoxicity. In a spatially resolved 
transcriptomics dataset, GEs with predicted T cell interactions 
demonstrated colocalization with CD8+ T cells, while those 
with limited predicted T cell interactions did not. To infer 
GE-immune interactions at the patient level (GEs define 
cell-level interactions), we developed InteractPrint. To validate 
InteractPrint, we assessed the accuracy of the T cell 
InteractPrint in predicting response to anti-PD-1 therapy. 
Across two trials and all breast cancer subtypes, T cell 

InteractPrint demonstrated significant improvement over 
PD-L1 in predicting response to anti-PD-1 therapy. In an 
scRNA-seq dataset of samples from patients treated with 
pembrolizumab, we observed AUC of 85% (p < 0.005) for T cell 
InteractPrint vs. 61% (p > 0.05) for PD-L1 in predicting response 
to anti-PD-1 therapy. In patients treated with paclitaxel + 
pembrolizumab in the I-SPY 2 trial, we observed AUC of 81% (p 
< 0.00001) for T cell InteractPrint versus 72% (p = 0.001) for 
PD-L1.
CONCLUSIONS: Our results demonstrate considerable cancer 
epithelial cell heterogeneity across primary breast tumor 
samples and clinical subtypes. We defined this heterogeneity 
and leveraged it to predict immune cell interactions within a 
patient’s tumor. We developed T cell InteractPrint to capture 
heterogeneous interactions between cancer epithelial cells 
and CD8+ T cells. T cell InteractPrint is predictive of response to 
anti-PD-1 immune checkpoint inhibition at higher AUC than 
PD-L1. This provides a path forward for the interpretation of 
cancer epithelial cell heterogeneity in a clinically meaningful 
way.
Development of an automated liquid biopsy assay for 
methylated markers in advanced breast cancer
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Current molecular liquid biopsy assays to detect recurrence or 
monitor response to treatment require sophisticated 
technology, highly trained personnel, and a turnaround time of 
weeks. We describe the development and technical validation 
of an automated Liquid Biopsy for Breast Cancer Methylation 

(LBx-BCM) prototype, a DNA methylation detection cartridge 
assay that is simple to perform and quantitatively detects nine 
methylated markers within 4.5 hours. LBx-BCM demonstrated 
high interassay reproducibility when analyzing exogenous 
methylated DNA (75–300 DNA copies) spiked into plasma 
(coefficient of variation, CV = 7.1%–10.9%) and serum (CV = 
19.1%–36.1%). It also demonstrated high interuser reproducibility 
(Spearman r = 0.887, P < 0.0001) when samples of metastatic 
breast cancer (MBC, N = 11) and normal control (N = 4) were 
evaluated independently by two users. Analyses of 
interplatform reproducibility indicated very high concordance 
between LBx-BCM and the reference assay, cMethDNA, 
among 66 paired plasma samples [MBC N = 40, controls N = 26; 
Spearman r = 0.891; 95% confidence interval (CI) = 0.825–0.933, 
P < 0.0001]. LBx-BCM achieved a ROC AUC = 0.909 (95% CI = 
0.836–0.982), 83% sensitivity and 92% specificity; cMethDNA 
achieved a ROC AUC = 0.896 (95% CI = 0.817–0.974), 83% 
sensitivity and 92% specificity in test set samples. The 
automated LBx-BCM cartridge prototype is fast, with 
performance levels equivalent to the highly sensitive, manual 
cMethDNA method. Future prospective clinical studies will 
evaluate LBx-BCM detection sensitivity and its ability to 
monitor therapeutic response during treatment for advanced 
breast cancer. 
SIGNIFICANCE: We technically validated an automated, 
cartridge-based, liquid biopsy prototype assay, to 
quantitatively measure breast cancer methylation in serum or 
plasma of patients with MBC, that demonstrated high 
sensitivity and specificity.

nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.

Citation: ASCO 2022 Abstract 1010 
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 

Citation: SABCS GS5-08 
Author: Hu X
BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)

Citation: ESMO Congress 210O 
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Breast Cancers Are Immunogenic: Immunologic Analyses and a 
Phase II Pilot Clinical Trial Using Mutation-Reactive Autologous 
Lymphocytes
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PURPOSE: Metastatic breast cancer (mBrCa) is most often an 
incurable disease with only modest responses to available 
immunotherapies. This study investigates the immunogenicity 
of somatic mutations in breast cancer and explores the 
therapeutic efficacy in a pilot trial of mutation-reactive 
tumor-infiltrating lymphocytes (TILs) in patients with 
metastatic disease.
PATIENTS AND METHODS: Forty-two patients with mBrCa 
refractory to previous lines of treatment underwent surgical 
resection of a metastatic lesion(s), isolation of TIL cultures, 
identification of exomic nonsynonymous tumor mutations, 
and immunologic screening for neoantigen reactivity. 
Clinically eligible patients with appropriate reactivity were 
enrolled into one cohort of an ongoing phase II pilot trial of 
adoptive cell transfer of selected neoantigen-reactive TIL, with 
a short course of pembrolizumab (ClinicalTrials.gov identifier: 
NCT01174121).
RESULTS: TILs were isolated and grown in culture from the 
resected lesions of all 42 patients with mBrCa, and a median 
number of 112 (range: 6-563) nonsynonymous mutations per 
patient were identified. Twenty-eight of 42 (67%) patients 
contained TIL that recognized at least one immunogenic 
somatic mutation (median: 3 neoantigens per patient, range: 
1-11), and 13 patients demonstrated robust reactivity 

appropriate for adoptive transfer. Eight patients remained 
clinically eligible for treatment, and six patients were enrolled 
on a protocol of adoptive cell transfer of enriched 
neoantigen-specific TIL, in combination with pembrolizumab 
(≤ 4 doses). Objective tumor regression was noted in three 
patients, including one complete response (now ongoing over 
5.5 years) and two partial responses (6 and 10 months).
CONCLUSION: Most patients with breast cancer generated a 
natural immune response targeting the expressed products of 
their cancer mutations. Adoptive transfer of TIL is a highly 
personalized experimental option for patients with mBrCa 
shown to be capable of mediating objective responses in this 
pilot trial and deserves further study.
InteractPrint predicts clinically meaningful interactions 
between cancer epithelial cells and immune cells: Lessons from 
a single-cell breast cancer atlas
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BACKGROUND: While immunotherapy has revolutionized the 
treatment of many solid tumors, the efficacy of 
immunotherapy regimens is comparatively lower in breast 
cancer. Immunotherapy efficacy is often negatively correlated 
with intratumor heterogeneity. Novel immunotherapy 
approaches in breast cancer should leverage how cancer 
epithelial cell heterogeneity affects immune cells in the tumor 
microenvironment. However, current definitions of cancer 
epithelial cell heterogeneity in breast cancer have limited 
resolution. Single cell RNA-seq (scRNA-seq) provides an 
unprecedented opportunity to further define cancer epithelial 

cell heterogeneity and identify how heterogeneity influences 
interactions with immune cells.
METHODS: We generated a novel scRNA-seq dataset of 236,363 
cells from 119 primary breast tumors biopsied from 88 patients 
taken from 8 publicly available datasets, currently the largest 
published scRNA-seq dataset in breast cancer. To define 
cancer epithelial cell heterogeneity, we performed 
unsupervised clustering and supervised clustering based on 
molecular subtype and expression of clinical target genes on 
all cancer epithelial cells. This identified 11 gene elements (GEs), 
which reflect key molecular features that vary between cancer 
epithelial cells. Receptor-ligand pairing analysis allowed us to 
determine how cells that highly express each GE interact with 
various immune cells. We developed InteractPrint, a score to 
predict the predominant tumor-interacting immune cells, 
based on the GE composition of an individual patient tumor.
RESULTS: In our dataset, 17% of samples were HER2+, 41% were 
HR+, and 42% were TNBC. This dataset was statistically 
powered to characterize cancer epithelial cell heterogeneity. 
For each of the 11 GEs, we predicted interactions with immune 
cells. Experimentally, GEs with predicted NK cell interactions 
showed sensitivity to NK cell cytotoxicity. In a spatially resolved 
transcriptomics dataset, GEs with predicted T cell interactions 
demonstrated colocalization with CD8+ T cells, while those 
with limited predicted T cell interactions did not. To infer 
GE-immune interactions at the patient level (GEs define 
cell-level interactions), we developed InteractPrint. To validate 
InteractPrint, we assessed the accuracy of the T cell 
InteractPrint in predicting response to anti-PD-1 therapy. 
Across two trials and all breast cancer subtypes, T cell 

InteractPrint demonstrated significant improvement over 
PD-L1 in predicting response to anti-PD-1 therapy. In an 
scRNA-seq dataset of samples from patients treated with 
pembrolizumab, we observed AUC of 85% (p < 0.005) for T cell 
InteractPrint vs. 61% (p > 0.05) for PD-L1 in predicting response 
to anti-PD-1 therapy. In patients treated with paclitaxel + 
pembrolizumab in the I-SPY 2 trial, we observed AUC of 81% (p 
< 0.00001) for T cell InteractPrint versus 72% (p = 0.001) for 
PD-L1.
CONCLUSIONS: Our results demonstrate considerable cancer 
epithelial cell heterogeneity across primary breast tumor 
samples and clinical subtypes. We defined this heterogeneity 
and leveraged it to predict immune cell interactions within a 
patient’s tumor. We developed T cell InteractPrint to capture 
heterogeneous interactions between cancer epithelial cells 
and CD8+ T cells. T cell InteractPrint is predictive of response to 
anti-PD-1 immune checkpoint inhibition at higher AUC than 
PD-L1. This provides a path forward for the interpretation of 
cancer epithelial cell heterogeneity in a clinically meaningful 
way.
Development of an automated liquid biopsy assay for 
methylated markers in advanced breast cancer

Citation: Cancer Res Commun. 2022 Jun;2(6):391-401 
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Current molecular liquid biopsy assays to detect recurrence or 
monitor response to treatment require sophisticated 
technology, highly trained personnel, and a turnaround time of 
weeks. We describe the development and technical validation 
of an automated Liquid Biopsy for Breast Cancer Methylation 

(LBx-BCM) prototype, a DNA methylation detection cartridge 
assay that is simple to perform and quantitatively detects nine 
methylated markers within 4.5 hours. LBx-BCM demonstrated 
high interassay reproducibility when analyzing exogenous 
methylated DNA (75–300 DNA copies) spiked into plasma 
(coefficient of variation, CV = 7.1%–10.9%) and serum (CV = 
19.1%–36.1%). It also demonstrated high interuser reproducibility 
(Spearman r = 0.887, P < 0.0001) when samples of metastatic 
breast cancer (MBC, N = 11) and normal control (N = 4) were 
evaluated independently by two users. Analyses of 
interplatform reproducibility indicated very high concordance 
between LBx-BCM and the reference assay, cMethDNA, 
among 66 paired plasma samples [MBC N = 40, controls N = 26; 
Spearman r = 0.891; 95% confidence interval (CI) = 0.825–0.933, 
P < 0.0001]. LBx-BCM achieved a ROC AUC = 0.909 (95% CI = 
0.836–0.982), 83% sensitivity and 92% specificity; cMethDNA 
achieved a ROC AUC = 0.896 (95% CI = 0.817–0.974), 83% 
sensitivity and 92% specificity in test set samples. The 
automated LBx-BCM cartridge prototype is fast, with 
performance levels equivalent to the highly sensitive, manual 
cMethDNA method. Future prospective clinical studies will 
evaluate LBx-BCM detection sensitivity and its ability to 
monitor therapeutic response during treatment for advanced 
breast cancer. 
SIGNIFICANCE: We technically validated an automated, 
cartridge-based, liquid biopsy prototype assay, to 
quantitatively measure breast cancer methylation in serum or 
plasma of patients with MBC, that demonstrated high 
sensitivity and specificity.
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nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 

Citation: SABCS GS5-08 
Author: Hu X
BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Breast Cancers Are Immunogenic: Immunologic Analyses and a 
Phase II Pilot Clinical Trial Using Mutation-Reactive Autologous 
Lymphocytes
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PURPOSE: Metastatic breast cancer (mBrCa) is most often an 
incurable disease with only modest responses to available 
immunotherapies. This study investigates the immunogenicity 
of somatic mutations in breast cancer and explores the 
therapeutic efficacy in a pilot trial of mutation-reactive 
tumor-infiltrating lymphocytes (TILs) in patients with 
metastatic disease.
PATIENTS AND METHODS: Forty-two patients with mBrCa 
refractory to previous lines of treatment underwent surgical 
resection of a metastatic lesion(s), isolation of TIL cultures, 
identification of exomic nonsynonymous tumor mutations, 
and immunologic screening for neoantigen reactivity. 
Clinically eligible patients with appropriate reactivity were 
enrolled into one cohort of an ongoing phase II pilot trial of 
adoptive cell transfer of selected neoantigen-reactive TIL, with 
a short course of pembrolizumab (ClinicalTrials.gov identifier: 
NCT01174121).
RESULTS: TILs were isolated and grown in culture from the 
resected lesions of all 42 patients with mBrCa, and a median 
number of 112 (range: 6-563) nonsynonymous mutations per 
patient were identified. Twenty-eight of 42 (67%) patients 
contained TIL that recognized at least one immunogenic 
somatic mutation (median: 3 neoantigens per patient, range: 
1-11), and 13 patients demonstrated robust reactivity 

appropriate for adoptive transfer. Eight patients remained 
clinically eligible for treatment, and six patients were enrolled 
on a protocol of adoptive cell transfer of enriched 
neoantigen-specific TIL, in combination with pembrolizumab 
(≤ 4 doses). Objective tumor regression was noted in three 
patients, including one complete response (now ongoing over 
5.5 years) and two partial responses (6 and 10 months).
CONCLUSION: Most patients with breast cancer generated a 
natural immune response targeting the expressed products of 
their cancer mutations. Adoptive transfer of TIL is a highly 
personalized experimental option for patients with mBrCa 
shown to be capable of mediating objective responses in this 
pilot trial and deserves further study.
InteractPrint predicts clinically meaningful interactions 
between cancer epithelial cells and immune cells: Lessons from 
a single-cell breast cancer atlas
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BACKGROUND: While immunotherapy has revolutionized the 
treatment of many solid tumors, the efficacy of 
immunotherapy regimens is comparatively lower in breast 
cancer. Immunotherapy efficacy is often negatively correlated 
with intratumor heterogeneity. Novel immunotherapy 
approaches in breast cancer should leverage how cancer 
epithelial cell heterogeneity affects immune cells in the tumor 
microenvironment. However, current definitions of cancer 
epithelial cell heterogeneity in breast cancer have limited 
resolution. Single cell RNA-seq (scRNA-seq) provides an 
unprecedented opportunity to further define cancer epithelial 

cell heterogeneity and identify how heterogeneity influences 
interactions with immune cells.
METHODS: We generated a novel scRNA-seq dataset of 236,363 
cells from 119 primary breast tumors biopsied from 88 patients 
taken from 8 publicly available datasets, currently the largest 
published scRNA-seq dataset in breast cancer. To define 
cancer epithelial cell heterogeneity, we performed 
unsupervised clustering and supervised clustering based on 
molecular subtype and expression of clinical target genes on 
all cancer epithelial cells. This identified 11 gene elements (GEs), 
which reflect key molecular features that vary between cancer 
epithelial cells. Receptor-ligand pairing analysis allowed us to 
determine how cells that highly express each GE interact with 
various immune cells. We developed InteractPrint, a score to 
predict the predominant tumor-interacting immune cells, 
based on the GE composition of an individual patient tumor.
RESULTS: In our dataset, 17% of samples were HER2+, 41% were 
HR+, and 42% were TNBC. This dataset was statistically 
powered to characterize cancer epithelial cell heterogeneity. 
For each of the 11 GEs, we predicted interactions with immune 
cells. Experimentally, GEs with predicted NK cell interactions 
showed sensitivity to NK cell cytotoxicity. In a spatially resolved 
transcriptomics dataset, GEs with predicted T cell interactions 
demonstrated colocalization with CD8+ T cells, while those 
with limited predicted T cell interactions did not. To infer 
GE-immune interactions at the patient level (GEs define 
cell-level interactions), we developed InteractPrint. To validate 
InteractPrint, we assessed the accuracy of the T cell 
InteractPrint in predicting response to anti-PD-1 therapy. 
Across two trials and all breast cancer subtypes, T cell 

InteractPrint demonstrated significant improvement over 
PD-L1 in predicting response to anti-PD-1 therapy. In an 
scRNA-seq dataset of samples from patients treated with 
pembrolizumab, we observed AUC of 85% (p < 0.005) for T cell 
InteractPrint vs. 61% (p > 0.05) for PD-L1 in predicting response 
to anti-PD-1 therapy. In patients treated with paclitaxel + 
pembrolizumab in the I-SPY 2 trial, we observed AUC of 81% (p 
< 0.00001) for T cell InteractPrint versus 72% (p = 0.001) for 
PD-L1.
CONCLUSIONS: Our results demonstrate considerable cancer 
epithelial cell heterogeneity across primary breast tumor 
samples and clinical subtypes. We defined this heterogeneity 
and leveraged it to predict immune cell interactions within a 
patient’s tumor. We developed T cell InteractPrint to capture 
heterogeneous interactions between cancer epithelial cells 
and CD8+ T cells. T cell InteractPrint is predictive of response to 
anti-PD-1 immune checkpoint inhibition at higher AUC than 
PD-L1. This provides a path forward for the interpretation of 
cancer epithelial cell heterogeneity in a clinically meaningful 
way.
Development of an automated liquid biopsy assay for 
methylated markers in advanced breast cancer
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Current molecular liquid biopsy assays to detect recurrence or 
monitor response to treatment require sophisticated 
technology, highly trained personnel, and a turnaround time of 
weeks. We describe the development and technical validation 
of an automated Liquid Biopsy for Breast Cancer Methylation 

(LBx-BCM) prototype, a DNA methylation detection cartridge 
assay that is simple to perform and quantitatively detects nine 
methylated markers within 4.5 hours. LBx-BCM demonstrated 
high interassay reproducibility when analyzing exogenous 
methylated DNA (75–300 DNA copies) spiked into plasma 
(coefficient of variation, CV = 7.1%–10.9%) and serum (CV = 
19.1%–36.1%). It also demonstrated high interuser reproducibility 
(Spearman r = 0.887, P < 0.0001) when samples of metastatic 
breast cancer (MBC, N = 11) and normal control (N = 4) were 
evaluated independently by two users. Analyses of 
interplatform reproducibility indicated very high concordance 
between LBx-BCM and the reference assay, cMethDNA, 
among 66 paired plasma samples [MBC N = 40, controls N = 26; 
Spearman r = 0.891; 95% confidence interval (CI) = 0.825–0.933, 
P < 0.0001]. LBx-BCM achieved a ROC AUC = 0.909 (95% CI = 
0.836–0.982), 83% sensitivity and 92% specificity; cMethDNA 
achieved a ROC AUC = 0.896 (95% CI = 0.817–0.974), 83% 
sensitivity and 92% specificity in test set samples. The 
automated LBx-BCM cartridge prototype is fast, with 
performance levels equivalent to the highly sensitive, manual 
cMethDNA method. Future prospective clinical studies will 
evaluate LBx-BCM detection sensitivity and its ability to 
monitor therapeutic response during treatment for advanced 
breast cancer. 
SIGNIFICANCE: We technically validated an automated, 
cartridge-based, liquid biopsy prototype assay, to 
quantitatively measure breast cancer methylation in serum or 
plasma of patients with MBC, that demonstrated high 
sensitivity and specificity.
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nucleotide variants and manually reviewed. BCs were classified 
as APOBEC+, HRD+ or APOBEC-/HRD- based on the dominant 
mutational process as defined by SigMA. Progression-free 
survival (PFS) to any line (L) of therapy was assessed using 
univariate and multivariate Cox models.
RESULTS: APOBEC+ and HRD+ were found at higher 
proportion in MBCs than in primary tumors (24% and 24% vs 
15% and 13%; p<0.001). APOBEC+ were highly represented in 
ER+/HER2- (19%) and HER2+ (47%) subtypes, while HRD+ in 
triple-negative (36%). Lobular BCs had a higher proportion of 
APOBEC+ than HRD+ and APOBEC-/HRD- (34% vs 10% vs 21%, 
p<0.001). ER+/HER2- MBCs with APOBEC displayed lower ESR1 
hotspot mutations (p<0.001). Survival analyses were restricted 
to patients with available pre-treatment samples. In ER+/HER2- 
MBCs treated with 1L or 2L ET monotherapy (n=395), APOBEC+ 
tumors were independently associated to shorter mPFS (HR 
1.6, 95%CI 1.2-2.2, p=0.001), regardless of the ET agent. APOBEC+ 
and HRD+ MBCs were associated with lower mPFS on 1L 
CDK4/6i+ET (n=419) than APOBEC-/HRD- (HR 1.5, 95%CI 1.1-2, 
p=0.01 and HR 1.7, 95%CI 1.2-2.5, p=0.006, respectively), 
regardless of ET partner. HRD+ BCs had a reduced mPFS on 2L 
(n=207) and 3L (n=372) of CDK4/6i+ET (HR 2.1, 95%CI 1-4.1, p=0.03 
and HR 1.8, 95%CI 1.3-2.5, p=0.001, respectively).
CONCLUSIONS: Patients with APOBEC+ and HRD+ ER+/HER2- 
MBCs experience shorter survival on ET +/- CDK4/6i, suggesting 
that the genomic instability conferred by APOBEC and HRD 
results in early resistance. Novel treatments tailored on these 
BC subgroups are needed. Additional genomic analyses to 
unravel mutational patterns related to APOBEC and HRD in 
this setting are underway.

Clonal evolution and mechanisms of acquired resistance to 
CDK4/6 inhibitors in ER-wild type and ER-mutant breast cancer
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BACKGROUND: Despite the remarkable activity of CDK4/6 
inhibitors (CDK4/6i) in the treatment of estrogen receptor 
positive (ER+) metastatic breast cancer (BC), most patients 
eventually develop resistance to these drugs. The ctDNA 
analysis of the PALOMA-3 trial showed that the estrogen 
receptor (ER) mutation Y537S is a potential mechanism of 
acquired resistance to the combination of endocrine therapy 
(ET) with CDK4/6i. To date, the role of the ER mutations in the 
clonal evolution and the mechanisms of acquired resistance to 
CDK4/6i is unknown. Moreover, it is not known if the 
development of resistance to CDK4/6i in the presence or 
absence of ER mutations is due to the expansion of 
pre-existing resistant clones or to the de novo acquisition of 
resistance mechanisms.
METHODS: To explore the clonal evolution and the 
mechanisms of resistance to CDK4/6i in ER-wild type (ER-WT) 
and ER-mutant (ER-Mut) BC, we transduced doxycycline 
(DOX)-inducible Y537S ER-Mut MCF7 cells with the ClonTracer 
library, a high-complexity DNA barcode library, and cultured 
the barcoded cells without DOX (MCF7), or with DOX to induce 
the expression of the Y537S ER mutation (MCF7-YS). To develop 
Palbociclib (Palbo)-resistant (PDR) and Abemaciclib 
(Abema)-resistant (ABR) cell models, the barcoded MCF7 and 
MCF7-YS cells were passaged in culture with increasing 
concentrations of Palbo and Abema until the acquisition of 

resistance. The clonal dynamics and the molecular 
characteristics of the PDR and ABR models were investigated 
by barcode sequencing, whole-exome sequencing (WES), bulk 
and single cell RNA sequencing (RNAseq) and protein analyses. 
Finally, using an ER-Mut barcoded mice model, we compared 
the in vitro clonal evolution of ER-Mut CDK4/6i-resistant cells 
with the in vivo clonal evolution of ER-Mut metastases.
RESULTS:

The analysis of the barcodes revealed that during the 
acquisition of resistance to either Palbo or Abema there is a 
strong clonal selection of pre-existing resistant clones. The 
PDR clones were different in the presence of the Y537S 
mutation versus WT-ER. In contrast, the clones enriched in the 
ABR cells were comparable between WT and mutant ER. 
Furthermore, the ER mutations led to decreased diversity of 
the enriched clones in the PDR but not in the ABR cells. 
Interestingly, the barcodes enriched in the PDR and ABR 
models did not overlap. Unsupervised analyses showed that 
the samples clustering based on the barcodes fractions and 
the mutations were similar, suggesting that the clonal 
selection was driven by cellular populations with specific 
mutational landscapes. All the ER-WT and ER-Mut resistant 
models had different transcriptional profiles and by single-cell 
RNAseq showed various degrees of intra-sample 
heterogeneity. At the protein level, the PDR and the ABR cells 
displayed downregulation of ER, Rb and p27 and upregulation 
of p21. In the ER-Mut conditions Cyclin D1 was upregulated in 
the PDR cells, while Cyclin E was upregulated in the ABR cells. 
Finally, the barcode sequencing of the mice metastases 
revealed that the clonal selection in ER-Mut metastases and in 
ER-Mut CDK4/6i-resistant cells is different.

CONCLUSION:

Our study suggests that the development of resistance to 
CDK4/6i is due to the selection of pre-existing resistant clones. 
We also demonstrate that the expression of the Y537S ER 
mutation impacts the clonal evolution and the mechanisms of 
acquired resistance to Palbo but not to Abema. Finally, we 
show that the clonal evolution and mechanisms are disparate 
in Palbo and Abema resistance. These results support the 
addition of a third drug to CDK4/6i and ET, early in treatment, 
to delay the selection of pre-existing resistant clones and 
prolong the response to treatment and highlight differences 
between Palbo and Abema.
Allelic dosage of RB1 drives CDK4/6 inhibitor treatment 
resistance in metastatic breast cancer.
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BACKGROUND: We recently reported inferior outcomes to 
CDK4/6 inhibitors and endocrine therapy (CDK4/6i-ET) 
associated with germline BRCA2 (gBRCA2) in a cohort of 
estrogen receptor (ER) positive breast cancers. Co-occurrence 
of gBRCA2 with loss of heterozygosity (LOH) of neighboring 
RB1 was found to portend particularly poor outcomes. Here, we 
sought to define the effects of pre-treatment RB1 allelic copy 
number status on outcomes of CDK4/6i-ET and the likelihood 
of developing RB1 loss-of-function (LOF) mutations on CDK4/6i 
through the analysis of an expanded cohort of metastatic ER+ 
breast cancer patients.

METHODS: Patients who underwent sequencing on 
MSK-IMPACT from April 2014 to May 2021 were included. For 
every sample preceding CDK4/6i-ET, we performed FACETS to 
infer RB1 allele specific copy number, ploidy, tumor purity and 
fraction genome altered (FGA). Patients were categorized 
based on RB1 allelic status: HetLoss (total of one allelic copy), 
copy neutral LOH (CNLOH), other allelic imbalance including 
all other aneuploidy states, and diploid. Progression free 
survival (PFS) was assessed using univariate and multivariate 
Cox proportional hazard models adjusted for ET partner and 
FGA. Firth penalized logistic regression was used to study 
association of pre-treatment RB1 status with acquired RB1 LOF 
variants in paired post-CDK4/6i samples. 
RESULTS: Of 2,630 potentially eligible patients, 279 patients 
had genomic sequencing performed prior to 1st line 
CDK4/6i-ET. Of these, 75 (26.8%) exhibited RB1 HetLoss, 39 
(14.0%) had CNLOH of RB1, 111 (39.7%) exhibited diploid RB1 
state, while 54 (19.4%) had other patterns of RB1 allelic 
imbalance. All non-diploid RB1 states were associated with 
significantly shortened PFS relative to diploid (univariate 
HetLoss HR: 2.05, 95% CI: 1.42, 2.97; CNLOH HR: 2.08, 95% CI: 1.32, 
3.25; other imbalance HR: 1.70, 95% CI: 1.11, 2.58). Only HetLoss 
remained significant when adjusted for FGA (HR 1.61, 95% CI: 
1.09, 2.38, p = 0.017). RB1 LOF was rare in pre-CDK4/6i tumors (< 
1%); excluding these cases did not change our results. Of the 176 
patients with paired pre- and post-CDK4/6i samples, only RB1 
HetLoss in pre-CDK4/6i sample was significantly associated 
with development of RB1 LOF mutations in post-CDK4/6i 
sample (18.4%) as compared to diploid (4.2%, OR 4.25, 95% CI 
1.02, 17.7, p = 0.047). These results indicate that tumors with one 

functional copy of RB1 are more likely to acquire RB1 LOF on 
CDK4/6i to achieve biallelic RB1 loss as a mechanism of CDK4/6i 
resistance. 
CONCLUSIONS: We demonstrate that LOH and allelic 
imbalance of RB1 are associated with shorter PFS on 
CDK4/6-ET. We postulate this may occur partly as a result of 
more frequent acquired RB1 LOF mutations under selective 
pressure of CDK4/6i. These data supports the implementation 
of more refined allele-specific copy number methods and 
identifies a high-risk population for escalated monitoring and 
treatment approaches.
ESR1 F404 mutations and acquired resistance to fulvestrant in 
the plasmaMATCH study.

Citation: ASCO 2022 Abstract 1009 
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BACKGROUND: The selective estrogen receptor modulator 
(SERD) fulvestrant is commonly used to treat patients with 
hormone receptor positive advanced breast cancer, although 
potential mechanisms of acquired resistance are poorly 
understood. plasmaMATCH cohort A (NCT03182634) 
investigated the activity of fulvestrant in patients with 
activating ESR1 mutations in circulating tumor DNA (ctDNA). 
Here we present analysis of baseline and end-of-treatment 
(EOT) ctDNA to identify potential resistance mutations to 
fulvestrant. 
METHODS: Paired baseline and EOT plasma samples from 
patients enrolled into plasmaMATCH underwent ctDNA 
sequencing (Guardant360, Guardant Health) to identify 
acquired mutations. For F404 analysis, MCF-7 cells were 

transiently transfected with estrogen receptor expression 
constructs containing either wildtype ESR1 (WT), single ESR1 
mutations (D538G, E380Q, F404L), or compound mutations 
(D538G_F404L, E380Q_F404L), alongside an estrogen 
response element (ERE)-luciferase reporter construct. 
Transfected cells were treated with or without fulvestrant and 
ERE-luciferase activity compared. 
RESULTS: Of 84 patients enrolled in cohort A, 69 had paired 
baseline and EOT sequencing. Patients with baseline ESR1 
Y537S had shorter progression free survival (PFS), and Y537C 
longer PFS, than those wild-type for each respective mutation 
(p = 0.03 and p = 0.04). Patients frequently acquired mutations 
at EOT (n = 35, 51%), including potentially targetable mutations 
in 25% (including 3 PTEN, 3 BRCA1/2, 2 PIK3CA, 2 HER2, 1 BRAF). 
Three (4%) patients acquired ESR1 p.F404 mutations (F404L, 
F404I, F404V), with 7 mutations in total. Of 26 patients with PFS 
of ≥16 weeks, 3 patients (12%) acquired ESR1 F404. In 800 
patients screened for entry to plasmaMATCH, one harbored a 
F404 mutation (0.13%), with a prior history of fulvestrant. F404 
mutations resided in cis with E380Q in 6/7 assessable 
mutations. In vitro structural modelling revealed that ESR1 
p.F404 resides within the ESR1 ligand binding domain, and 
contributes to estrogen and fulvestrant binding through a 
pi-stacking bond between the aromatic ring of phenylalanine 
and estrogen/fulvestrant, with all F404 mutations disrupting 
this bond. Transient transfection demonstrated that single 
mutations D538G, E380Q, F404L and wild-type ESR1 were 
sensitive to fulvestrant (p < 0.0001, p = 0.0006, p = 0.04 and p = 
0.0001), whereas compound mutations D538G_F404L and 
E380Q_F404L were resistant. Further investigation of relative 

sensitivity of the F404 mutant ESR1 to other anti-estrogens will 
be presented. 
CONCLUSIONS: We have identified a novel resistance 
mechanism to fulvestrant, with F404 mutations acquired in 
patients with pre-existing activating ESR1 mutations. F404 
confers fulvestrant resistance through the loss of a pi-stacking 
bond and likely reduced fulvestrant binding affinity, identifying 
a new potential target to overcome endocrine therapy 
resistance.
Soluble E-cadherin: A novel prognostic biomarker and driver of 
brain metastasis in inflammatory breast cancer 
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Author: Hu X
BACKGROUND: Inflammatory breast cancer (IBC) is a highly 
aggressive form of breast cancer with rapid onset and a strong 
propensity to spread to distant organs. Five-year overall survival 
(OS) rates remain poor, in part because of the high risk of brain 
metastasis: 19% of patients with IBC have brain metastases 
within the first 2 years after diagnosis. Our hypothesis for this 
study was that soluble E-cadherin (sEcad), an 80-kDa 
extracellular proteolytic fragment of full-length E-cadherin - a 
tumor promoter in IBC, is crucial for driving brain metastasis in 
IBC.
METHODS: We analyzed serum sEcad levels in from 348 IBC 
patients by ELISA. Four IBC cell lines [ER–/HER2+ (MDA-IBC3; 
SUM190) and ER–/HER2– (SUM149; BCX010)], human brain 
microvascular endothelial cells, and immortalized human 
astrocytes were used in this study. Stable overexpression of 
sEcad in IBC cell lines was achieved using lentiviral vectors. 

Mass spectrometry and Bio-ID-based proteomics assays, and 
RNA sequencing were used to identify sEcad-interacting 
proteins and potential mechanisms. In vivo, we studied tumor 
growth and brain metastasis in mice by injecting IBC cells into 
the mammary fatpad or tail vein, respectively, of SCID/Beige 
mice.
RESULTS: In IBC patients, higher serum sEcad levels correlated 
with poorer OS (p=0.02), earlier development of metastasis 
(p=0.006), and development of brain metastasis (p=0.04). On 
multivariable analysis, sEcad independently predicted OS 
(hazard ratio [HR]=2.07 [95% CI 1.19-3.60], p=0.01). In vitro, sEcad 
overexpression in IBC cell lines promoted 
anchorage-independent growth, migration, invasion, and 
resistance to anoikis. In vivo, sEcad-overexpressing SUM149 
cells promoted primary tumor growth (p=0.007). Mice injected 
with sEcad-overexpressing MDA-IBC3 cells also had higher 
incidence of brain metastasis (100% vs 50%, p=0.03), metastatic 
burden (p=0.02) and number of metastases per mouse 
(p=0.0009), and had worse OS (p=0.0016), and brain 
metastasis-free survival (p=0.04), relative to controls. We 
further found that sEcad increased cancer cell adhesion to 
brain endothelial cells (p=0.01) and promoted induction of 
reactive astrocytes (as identified by high glial fibrillary acidic 
protein levels) in vitro and in vivo. Mechanistically, mass 
spectrometry and Bio-ID assays identified X-linked inhibitor of 
apoptosis protein (XIAP), a potent inhibitor of apoptotic cell 
death, as a novel binding partner of sEcad, which was validated 
through co-immunoprecipitation. Further analysis showed 
that sEcad bound to the BIR2 domain of XIAP. XIAP is the most 
potent and best-defined anti-apoptotic IAP family member, 

Mutational signature analysis reveals patterns of genomic 
instability linked to resistance to endocrine therapy (ET) +/- CDK 
4/6 inhibition (CDK4/6i) in estrogen receptor-positive/ 
HER2-negative (ER+/HER2-) metastatic breast cancer (MBC)
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BACKGROUND: APOBEC mutagenesis is enriched in MBCs. The 
predictive role of APOBEC and other mutational processes on 
standard regimens in the MBC setting is largely unknown.
METHODS: We retrieved clinical and genomic data of 4,595 BCs 
that underwent targeted sequencing by an FDA-cleared panel 
comprising >400 genes. Mutational signatures were computed 
by the SigMA algorithm for samples with at least 5 single 

and it could induce NF-κB activation to inhibit tumor cell 
apoptosis Gene set enrichment analysis of RNA-seq profiling 
data showed activation of NF-kB signaling and 
downregulation of apoptotic pathways in the 
sEcad-overexpressing SUM149 cells compared with controls. 
Immunoblotting revealed that sEcad enhanced XIAP 
expression, activated NF-κB signaling, and inhibited cleavage 
of caspase-3 in IBC cells.
CONCLUSIONS: We found that higher serum sEcad correlates 
with development of brain metastases and independently 
predicts poor OS in patients with IBC. We further found that 
sEcad promotes tumor growth and brain metastasis, perhaps 
via activation of XIAP/NF-κB signaling in breast cancer cells and 
promotion of endothelial cell adhesion and reactive 
astrocytosis in the brain microenvironment. These findings 
uncover a novel and crucial role for sEcad in brain metastasis 
and provide new insights and potential therapeutic targets for 
patients with metastatic IBC.
Radiomic phenotypes of breast texture and association with 
breast cancer risk and masking
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Breast parenchymal patterns on radiologic images are 
associated with breast cancer risk. Radiomic features have 
been proposed as quantitative measures of parenchymal 
patterns. We defined intrinsic imaging phenotypes of breast 
parenchymal patterns based on radiomic features extracted 
from full field digital mammography (FFDM) in breast 
screening populations and assessed whether these 

phenotypes are associated with breast cancer risk and 
masking.
We selected 30,000 women with 4-view FFDM exams from 
Hologic machines from three institutions (Hospital of the 
University of Pennsylvania, Mayo Clinic, and San Francisco 
Mammography Registry), randomly split into a training (20,000 
women) and test set (10,000 women). In total, 390 radiomic 
features were automatically extracted from each image using 
a validated software pipeline, standardized, and adjusted for 
site differences using ComBat. We used two methods, 
hierarchical clustering and Principal Components (PCs) 
analysis, to classify significant variation among the features in 
the training set and replicate among the test set. Next, we 
applied the replicated clusters and PCs to an independent 
nested case-control set [1082 invasive breast cancer (BC) cases 
(of which 151 were Black and 893 White women, 38 other race) 
matched to 2837 controls (411 Black and 2345 White women, 81 
other race) on age, race, timing of images, and site]. We 
examined associations of the clusters and PCs with invasive 
breast cancer risk, as well as masking [defined as a 
false-negative (FN) screen (124 cases and 319 matched controls) 
and additionally the subset with symptomatic interval cancer 
(IC) within 12 months of negative screen (88 cases and 223 
matched controls)] using conditional logistic regression. We 
evaluated their association with breast cancer alone, and with 
adjustment for age, body mass index (BMI) and breast density 
assessed by Breast Imaging Reporting and Data System 
(BI-RADS) using likelihood ratio tests. We estimated 
discrimination using area under the curve (AUC) and 
compared AUCs for models that included the radiomic clusters 

and PCs with the model that included only age, BMI and 
density. We also stratified analyses by race (Black/White).
From hierarchical clustering, we defined six statistically 
significant phenotype clusters (each of at least 1000 women) in 
the training set which were replicated in the test set. For PC 
Analysis, we identified six PCs in the training set, explaining 
85% of the variation in texture features and reproduced these 
in the test set. The six radiomic phenotype clusters (P < 0.001) 
and six PCs (P < 0.001) were both associated with invasive BC, 
including after adjusting for age, BMI, and density (cluster 
P=0.004; PCs P< 0.001). Improvements in discrimination of 
invasive BC with inclusion of PCs or clusters were more 
pronounced among Black women (Table). Further, the PCs (P < 
0.001) and clusters (P < 0.001) were significantly associated with 
FN overall and for symptomatic IC (PCs P< 0.001; clusters 
P=0.001), but only PCs remained significant after adjusting for 
age, BMI and density (PCs P=0.004 for FN; PCs P=0.007 for 
symptomatic IC). Discrimination of masking also improved 
with inclusion of both clusters and PCs (Table).
We identified reproducible radiomic phenotypes that are 
associated with invasive BC risk, above and beyond breast 
density with the strongest associations for invasive BC among 
Black women and symptomatic interval cancers.

Breast Cancers Are Immunogenic: Immunologic Analyses and a 
Phase II Pilot Clinical Trial Using Mutation-Reactive Autologous 
Lymphocytes

Citation: J ClinOncol. 2022 Jun 1;40(16):1741-1754 
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PURPOSE: Metastatic breast cancer (mBrCa) is most often an 
incurable disease with only modest responses to available 
immunotherapies. This study investigates the immunogenicity 
of somatic mutations in breast cancer and explores the 
therapeutic efficacy in a pilot trial of mutation-reactive 
tumor-infiltrating lymphocytes (TILs) in patients with 
metastatic disease.
PATIENTS AND METHODS: Forty-two patients with mBrCa 
refractory to previous lines of treatment underwent surgical 
resection of a metastatic lesion(s), isolation of TIL cultures, 
identification of exomic nonsynonymous tumor mutations, 
and immunologic screening for neoantigen reactivity. 
Clinically eligible patients with appropriate reactivity were 
enrolled into one cohort of an ongoing phase II pilot trial of 
adoptive cell transfer of selected neoantigen-reactive TIL, with 
a short course of pembrolizumab (ClinicalTrials.gov identifier: 
NCT01174121).
RESULTS: TILs were isolated and grown in culture from the 
resected lesions of all 42 patients with mBrCa, and a median 
number of 112 (range: 6-563) nonsynonymous mutations per 
patient were identified. Twenty-eight of 42 (67%) patients 
contained TIL that recognized at least one immunogenic 
somatic mutation (median: 3 neoantigens per patient, range: 
1-11), and 13 patients demonstrated robust reactivity 

appropriate for adoptive transfer. Eight patients remained 
clinically eligible for treatment, and six patients were enrolled 
on a protocol of adoptive cell transfer of enriched 
neoantigen-specific TIL, in combination with pembrolizumab 
(≤ 4 doses). Objective tumor regression was noted in three 
patients, including one complete response (now ongoing over 
5.5 years) and two partial responses (6 and 10 months).
CONCLUSION: Most patients with breast cancer generated a 
natural immune response targeting the expressed products of 
their cancer mutations. Adoptive transfer of TIL is a highly 
personalized experimental option for patients with mBrCa 
shown to be capable of mediating objective responses in this 
pilot trial and deserves further study.
InteractPrint predicts clinically meaningful interactions 
between cancer epithelial cells and immune cells: Lessons from 
a single-cell breast cancer atlas
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BACKGROUND: While immunotherapy has revolutionized the 
treatment of many solid tumors, the efficacy of 
immunotherapy regimens is comparatively lower in breast 
cancer. Immunotherapy efficacy is often negatively correlated 
with intratumor heterogeneity. Novel immunotherapy 
approaches in breast cancer should leverage how cancer 
epithelial cell heterogeneity affects immune cells in the tumor 
microenvironment. However, current definitions of cancer 
epithelial cell heterogeneity in breast cancer have limited 
resolution. Single cell RNA-seq (scRNA-seq) provides an 
unprecedented opportunity to further define cancer epithelial 

cell heterogeneity and identify how heterogeneity influences 
interactions with immune cells.
METHODS: We generated a novel scRNA-seq dataset of 236,363 
cells from 119 primary breast tumors biopsied from 88 patients 
taken from 8 publicly available datasets, currently the largest 
published scRNA-seq dataset in breast cancer. To define 
cancer epithelial cell heterogeneity, we performed 
unsupervised clustering and supervised clustering based on 
molecular subtype and expression of clinical target genes on 
all cancer epithelial cells. This identified 11 gene elements (GEs), 
which reflect key molecular features that vary between cancer 
epithelial cells. Receptor-ligand pairing analysis allowed us to 
determine how cells that highly express each GE interact with 
various immune cells. We developed InteractPrint, a score to 
predict the predominant tumor-interacting immune cells, 
based on the GE composition of an individual patient tumor.
RESULTS: In our dataset, 17% of samples were HER2+, 41% were 
HR+, and 42% were TNBC. This dataset was statistically 
powered to characterize cancer epithelial cell heterogeneity. 
For each of the 11 GEs, we predicted interactions with immune 
cells. Experimentally, GEs with predicted NK cell interactions 
showed sensitivity to NK cell cytotoxicity. In a spatially resolved 
transcriptomics dataset, GEs with predicted T cell interactions 
demonstrated colocalization with CD8+ T cells, while those 
with limited predicted T cell interactions did not. To infer 
GE-immune interactions at the patient level (GEs define 
cell-level interactions), we developed InteractPrint. To validate 
InteractPrint, we assessed the accuracy of the T cell 
InteractPrint in predicting response to anti-PD-1 therapy. 
Across two trials and all breast cancer subtypes, T cell 

InteractPrint demonstrated significant improvement over 
PD-L1 in predicting response to anti-PD-1 therapy. In an 
scRNA-seq dataset of samples from patients treated with 
pembrolizumab, we observed AUC of 85% (p < 0.005) for T cell 
InteractPrint vs. 61% (p > 0.05) for PD-L1 in predicting response 
to anti-PD-1 therapy. In patients treated with paclitaxel + 
pembrolizumab in the I-SPY 2 trial, we observed AUC of 81% (p 
< 0.00001) for T cell InteractPrint versus 72% (p = 0.001) for 
PD-L1.
CONCLUSIONS: Our results demonstrate considerable cancer 
epithelial cell heterogeneity across primary breast tumor 
samples and clinical subtypes. We defined this heterogeneity 
and leveraged it to predict immune cell interactions within a 
patient’s tumor. We developed T cell InteractPrint to capture 
heterogeneous interactions between cancer epithelial cells 
and CD8+ T cells. T cell InteractPrint is predictive of response to 
anti-PD-1 immune checkpoint inhibition at higher AUC than 
PD-L1. This provides a path forward for the interpretation of 
cancer epithelial cell heterogeneity in a clinically meaningful 
way.
Development of an automated liquid biopsy assay for 
methylated markers in advanced breast cancer
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Current molecular liquid biopsy assays to detect recurrence or 
monitor response to treatment require sophisticated 
technology, highly trained personnel, and a turnaround time of 
weeks. We describe the development and technical validation 
of an automated Liquid Biopsy for Breast Cancer Methylation 

(LBx-BCM) prototype, a DNA methylation detection cartridge 
assay that is simple to perform and quantitatively detects nine 
methylated markers within 4.5 hours. LBx-BCM demonstrated 
high interassay reproducibility when analyzing exogenous 
methylated DNA (75–300 DNA copies) spiked into plasma 
(coefficient of variation, CV = 7.1%–10.9%) and serum (CV = 
19.1%–36.1%). It also demonstrated high interuser reproducibility 
(Spearman r = 0.887, P < 0.0001) when samples of metastatic 
breast cancer (MBC, N = 11) and normal control (N = 4) were 
evaluated independently by two users. Analyses of 
interplatform reproducibility indicated very high concordance 
between LBx-BCM and the reference assay, cMethDNA, 
among 66 paired plasma samples [MBC N = 40, controls N = 26; 
Spearman r = 0.891; 95% confidence interval (CI) = 0.825–0.933, 
P < 0.0001]. LBx-BCM achieved a ROC AUC = 0.909 (95% CI = 
0.836–0.982), 83% sensitivity and 92% specificity; cMethDNA 
achieved a ROC AUC = 0.896 (95% CI = 0.817–0.974), 83% 
sensitivity and 92% specificity in test set samples. The 
automated LBx-BCM cartridge prototype is fast, with 
performance levels equivalent to the highly sensitive, manual 
cMethDNA method. Future prospective clinical studies will 
evaluate LBx-BCM detection sensitivity and its ability to 
monitor therapeutic response during treatment for advanced 
breast cancer. 
SIGNIFICANCE: We technically validated an automated, 
cartridge-based, liquid biopsy prototype assay, to 
quantitatively measure breast cancer methylation in serum or 
plasma of patients with MBC, that demonstrated high 
sensitivity and specificity.

Long-Term Longitudinal Patterns of Patient-Reported Fatigue 
After Breast Cancer: A Group-Based Trajectory Analysis 
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PURPOSE: Fatigue is recognized as one of the most 
burdensome and long-lasting adverse effects of cancer and 
cancer treatment. We aimed to characterize long-term fatigue 
trajectories among breast cancer survivors.
METHODS: We performed a detailed longitudinal analysis of 
fatigue using a large ongoing national prospective clinical 
study (CANcer TOxicity, ClinicalTrials.gov identifier: 
NCT01993498) of patients with stage I-III breast cancer treated 
from 2012 to 2015. Fatigue was assessed at diagnosis and year 1, 
2, and 4 postdiagnosis. Baseline clinical, sociodemographic, 
behavioral, tumor - related, and treatment - related 
characteristics were available. Trajectories of fatigue and risk 
factors of trajectory-group membership were identified by 
iterative estimates of group-based trajectory models.
RESULTS: Three trajectory groups were identified for severe 
global fatigue (n = 4,173). Twenty-one percent of patients were 
in the high-risk group, having risk estimates of severe global 
fatigue of 94.8% (95% CI, 86.6 to 100.0) at diagnosis and 64.6% 
(95% CI, 59.2 to 70.1) at year 4; 19% of patients clustered in the 
deteriorating group with risk estimates of severe global fatigue 
of 13.8% (95% CI, 6.7 to 20.9) at diagnosis and 64.5% (95% CI, 57.3 
to 71.8) at year 4; 60% were in the low-risk group with risk 

estimates of 3.6% (95% CI, 2.5 to 4.7) at diagnosis and 9.6% (95% 
CI, 7.5 to 11.7) at year 4. The distinct dimensions of fatigue 
clustered in different trajectory groups than those identified by 
severe global fatigue, being differentially affected by 
sociodemographic, clinical, and treatment-related factors.
CONCLUSION: Our findings highlight the multidimensional 
nature of cancer-related fatigue and the complexity of its risk 
factors. This study helps to identify patients with increased risk 
of severe fatigue and to inform personalized interventions to 
ameliorate this problem.
Dynamics of Long-Term Patient-Reported Quality of Life and 
Health Behaviors After Adjuvant Breast Cancer Chemotherapy 
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PURPOSE: We aimed to characterize long-term quality of life 
(QOL) trajectories among patients with breast cancer treated 
with adjuvant chemotherapy and to identify related patterns of 
health behaviors.
METHODS: Female stage I-III breast cancer patients receiving 
chemotherapy in CANTO (CANcer TOxicity; ClinicalTrials.gov 
identifier: NCT01993498) were included. Trajectories of QOL 
(European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire-C30 Summary Score) and 
associations with trajectory group membership were 
identified by iterative estimations of group-based trajectory 
models and multivariable multinomial logistic regression, 
respectively.

RESULTS: Four trajectory groups were identified (N = 4,131): 
excellent (51.7%), very good (31.7%), deteriorating (10.0%), and 
poor (6.6%) QOL. The deteriorating trajectory group reported 
fairly good baseline QOL (mean [95% CI], 78.3/100 [76.2 to 80.5]), 
which significantly worsened at year-1 (58.1/100 [56.4 to 59.9]) 
and never recovered to pretreatment values through year-4 
(61.1/100 [59.0 to 63.3]) postdiagnosis. Healthy behaviors were 
associated with better performing trajectory groups. Obesity 
(adjusted odds ratio [aOR] v lean, 1.51 [95% CI, 1.28 to 1.79]; P < 
.0001) and current smoking (aOR v never, 1.52 [95% CI, 1.27 to 
1.82]; P < .0001) at diagnosis were associated with membership 
to the deteriorating group, which was also characterized by a 
higher prevalence of patients with excess body weight and 
insufficient physical activity through year-4 and by frequent 
exposure to tobacco smoking during chemotherapy. 
Additional factors associated with membership to the 
deteriorating group included younger age (aOR, 1-year 
decrement 1.01 [95% CI, 1.01 to 1.02]; P = .043), comorbidities (aOR 
v no, 1.22 [95% CI, 1.06 to 1.40]; P = .005), lower income (aOR v 
wealthier households, 1.21 [95% CI, 1.07 to 1.37]; P = .002), and 
endocrine therapy (aOR v no, 1.14 [95% CI, 1.01 to 1.30]; P = .047).
CONCLUSION: This latent-class analysis identified some 
patients with upfront poor QOL and a high-risk cluster with 
severe, persistent postchemotherapy QOL deterioration. 
Screening relevant patient-level characteristics may inform 
tailored interventions to mitigate the detrimental impact of 
chemotherapy and preserve QOL, including early addressal of 
behavioral concerns and provision of healthy lifestyle support 
programs.

Patient-reported cognitive impairment in women participating 
in the RxPONDER trial (SWOG S1007) by menopausal status 
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INTRODUCTION: Breast cancer treatment is associated with 
cancer-related cognitive impairment (CRCI). However, the 
differential effect of endocrine therapy (ET) vs chemotherapy 
followed by endocrine therapy (CET), including the impact of 
menopausal status, on CRCI is not well understood.
METHODS: Participants (pts) with hormone receptor positive, 
HER2 negative breast cancer with 1-3 positive lymph nodes and 
an Oncotype DX recurrence score of 0-25 enrolled in the 
RxPONDER trial were randomly assigned to ET alone versus 
CET. Until the health-related quality of life (HRQoL) accrual goal 
was reached, English speaking pts in the US were invited to 
complete HRQoL questionnaires including the 8-item PROMIS 
Perceived Cognitive Function Concerns (PCF) Short Form 
questionnaire shortly after randomization (baseline), as well as 
6, 12, and 36 months after baseline. Analysis of measures of 
anxiety and fatigue is presented separately. Standardized T 
scores (mean 50; SD 10) for PCF were computed with higher 
scores indicating less cognitive impairment. The primary 
endpoint of this exploratory analysis was to compare mean 
PCF T scores by treatment arm and menopausal status. 
Separately by menopausal status, a generalized estimating 
equations (GEE) model was fit to the three timepoints 
adjusting for baseline to estimate the difference between 
treatment arms and whether there was a time trend over the 
three follow-up measures.

SUPPORTIVE CARE Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 
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BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
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PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

RESULTS: The HRQoL accrual exceeded the goal of 500 
patients, with 74% of pts participating voluntarily until the QOL 
invitation was removed from the protocol (Dec 1, 2012). A total 
of 139 pre and 429 postmenopausal pts completed the 
questionnaires at baseline. T scores were similar between ET 
and CET arms at baseline [Table]. In the ET arm, T scores 
decreased from baseline to 6 and 12 months but recovered to 
baseline at 36 months. In the CET arm, T scores decreased from 
baseline to 6 months and 12 months but did not return to 
baseline at 36 months. The mean score difference between 
CET and ET over time was -3.02 (p=0.01) and -2.36 (p=0.003) for 
pre and postmenopausal pts, respectively. Adjusting for 
baseline, there was no significant time trend over the three 
follow-up periods for either premenopausal (p=0.12) or 
postmenopausal (p=0.49) pts. Dropoff occurred over time with 
79%, 76%, 60% of pts at baseline participating at 6, 12, and 36 
months. Complete endocrine treatment adherence data are 
not yet available at each timepoint.

CONCLUSION: Chemoendocrine therapy has a greater 
negative effect on patient-reported CRCI compared to ET alone 
in both pre- and post-menopausal pts and it is sustained over 
36 months. Interventions to prevent or treat CRCI are needed 
to improve the long-term quality of life of patients treated with 
CET.
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Long-Term Longitudinal Patterns of Patient-Reported Fatigue 
After Breast Cancer: A Group-Based Trajectory Analysis 

Citation: Journal of Clinical Oncology 40, no. 19 (July 01, 2022) 
2148-2162. 
Author: Ines Vaz-Luis
PURPOSE: Fatigue is recognized as one of the most 
burdensome and long-lasting adverse effects of cancer and 
cancer treatment. We aimed to characterize long-term fatigue 
trajectories among breast cancer survivors.
METHODS: We performed a detailed longitudinal analysis of 
fatigue using a large ongoing national prospective clinical 
study (CANcer TOxicity, ClinicalTrials.gov identifier: 
NCT01993498) of patients with stage I-III breast cancer treated 
from 2012 to 2015. Fatigue was assessed at diagnosis and year 1, 
2, and 4 postdiagnosis. Baseline clinical, sociodemographic, 
behavioral, tumor - related, and treatment - related 
characteristics were available. Trajectories of fatigue and risk 
factors of trajectory-group membership were identified by 
iterative estimates of group-based trajectory models.
RESULTS: Three trajectory groups were identified for severe 
global fatigue (n = 4,173). Twenty-one percent of patients were 
in the high-risk group, having risk estimates of severe global 
fatigue of 94.8% (95% CI, 86.6 to 100.0) at diagnosis and 64.6% 
(95% CI, 59.2 to 70.1) at year 4; 19% of patients clustered in the 
deteriorating group with risk estimates of severe global fatigue 
of 13.8% (95% CI, 6.7 to 20.9) at diagnosis and 64.5% (95% CI, 57.3 
to 71.8) at year 4; 60% were in the low-risk group with risk 

estimates of 3.6% (95% CI, 2.5 to 4.7) at diagnosis and 9.6% (95% 
CI, 7.5 to 11.7) at year 4. The distinct dimensions of fatigue 
clustered in different trajectory groups than those identified by 
severe global fatigue, being differentially affected by 
sociodemographic, clinical, and treatment-related factors.
CONCLUSION: Our findings highlight the multidimensional 
nature of cancer-related fatigue and the complexity of its risk 
factors. This study helps to identify patients with increased risk 
of severe fatigue and to inform personalized interventions to 
ameliorate this problem.
Dynamics of Long-Term Patient-Reported Quality of Life and 
Health Behaviors After Adjuvant Breast Cancer Chemotherapy 

Citation: Journal of Clinical Oncology 40, no. 27 (September 
20, 2022) 3190-3204. 
Author: Antonio Di Meglio 
PURPOSE: We aimed to characterize long-term quality of life 
(QOL) trajectories among patients with breast cancer treated 
with adjuvant chemotherapy and to identify related patterns of 
health behaviors.
METHODS: Female stage I-III breast cancer patients receiving 
chemotherapy in CANTO (CANcer TOxicity; ClinicalTrials.gov 
identifier: NCT01993498) were included. Trajectories of QOL 
(European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire-C30 Summary Score) and 
associations with trajectory group membership were 
identified by iterative estimations of group-based trajectory 
models and multivariable multinomial logistic regression, 
respectively.

RESULTS: Four trajectory groups were identified (N = 4,131): 
excellent (51.7%), very good (31.7%), deteriorating (10.0%), and 
poor (6.6%) QOL. The deteriorating trajectory group reported 
fairly good baseline QOL (mean [95% CI], 78.3/100 [76.2 to 80.5]), 
which significantly worsened at year-1 (58.1/100 [56.4 to 59.9]) 
and never recovered to pretreatment values through year-4 
(61.1/100 [59.0 to 63.3]) postdiagnosis. Healthy behaviors were 
associated with better performing trajectory groups. Obesity 
(adjusted odds ratio [aOR] v lean, 1.51 [95% CI, 1.28 to 1.79]; P < 
.0001) and current smoking (aOR v never, 1.52 [95% CI, 1.27 to 
1.82]; P < .0001) at diagnosis were associated with membership 
to the deteriorating group, which was also characterized by a 
higher prevalence of patients with excess body weight and 
insufficient physical activity through year-4 and by frequent 
exposure to tobacco smoking during chemotherapy. 
Additional factors associated with membership to the 
deteriorating group included younger age (aOR, 1-year 
decrement 1.01 [95% CI, 1.01 to 1.02]; P = .043), comorbidities (aOR 
v no, 1.22 [95% CI, 1.06 to 1.40]; P = .005), lower income (aOR v 
wealthier households, 1.21 [95% CI, 1.07 to 1.37]; P = .002), and 
endocrine therapy (aOR v no, 1.14 [95% CI, 1.01 to 1.30]; P = .047).
CONCLUSION: This latent-class analysis identified some 
patients with upfront poor QOL and a high-risk cluster with 
severe, persistent postchemotherapy QOL deterioration. 
Screening relevant patient-level characteristics may inform 
tailored interventions to mitigate the detrimental impact of 
chemotherapy and preserve QOL, including early addressal of 
behavioral concerns and provision of healthy lifestyle support 
programs.

Patient-reported cognitive impairment in women participating 
in the RxPONDER trial (SWOG S1007) by menopausal status 

Citation: SABCS GS1-04 
Author: Kang
INTRODUCTION: Breast cancer treatment is associated with 
cancer-related cognitive impairment (CRCI). However, the 
differential effect of endocrine therapy (ET) vs chemotherapy 
followed by endocrine therapy (CET), including the impact of 
menopausal status, on CRCI is not well understood.
METHODS: Participants (pts) with hormone receptor positive, 
HER2 negative breast cancer with 1-3 positive lymph nodes and 
an Oncotype DX recurrence score of 0-25 enrolled in the 
RxPONDER trial were randomly assigned to ET alone versus 
CET. Until the health-related quality of life (HRQoL) accrual goal 
was reached, English speaking pts in the US were invited to 
complete HRQoL questionnaires including the 8-item PROMIS 
Perceived Cognitive Function Concerns (PCF) Short Form 
questionnaire shortly after randomization (baseline), as well as 
6, 12, and 36 months after baseline. Analysis of measures of 
anxiety and fatigue is presented separately. Standardized T 
scores (mean 50; SD 10) for PCF were computed with higher 
scores indicating less cognitive impairment. The primary 
endpoint of this exploratory analysis was to compare mean 
PCF T scores by treatment arm and menopausal status. 
Separately by menopausal status, a generalized estimating 
equations (GEE) model was fit to the three timepoints 
adjusting for baseline to estimate the difference between 
treatment arms and whether there was a time trend over the 
three follow-up measures.

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

RESULTS: The HRQoL accrual exceeded the goal of 500 
patients, with 74% of pts participating voluntarily until the QOL 
invitation was removed from the protocol (Dec 1, 2012). A total 
of 139 pre and 429 postmenopausal pts completed the 
questionnaires at baseline. T scores were similar between ET 
and CET arms at baseline [Table]. In the ET arm, T scores 
decreased from baseline to 6 and 12 months but recovered to 
baseline at 36 months. In the CET arm, T scores decreased from 
baseline to 6 months and 12 months but did not return to 
baseline at 36 months. The mean score difference between 
CET and ET over time was -3.02 (p=0.01) and -2.36 (p=0.003) for 
pre and postmenopausal pts, respectively. Adjusting for 
baseline, there was no significant time trend over the three 
follow-up periods for either premenopausal (p=0.12) or 
postmenopausal (p=0.49) pts. Dropoff occurred over time with 
79%, 76%, 60% of pts at baseline participating at 6, 12, and 36 
months. Complete endocrine treatment adherence data are 
not yet available at each timepoint.

CONCLUSION: Chemoendocrine therapy has a greater 
negative effect on patient-reported CRCI compared to ET alone 
in both pre- and post-menopausal pts and it is sustained over 
36 months. Interventions to prevent or treat CRCI are needed 
to improve the long-term quality of life of patients treated with 
CET.
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Long-Term Longitudinal Patterns of Patient-Reported Fatigue 
After Breast Cancer: A Group-Based Trajectory Analysis 

Citation: Journal of Clinical Oncology 40, no. 19 (July 01, 2022) 
2148-2162. 
Author: Ines Vaz-Luis
PURPOSE: Fatigue is recognized as one of the most 
burdensome and long-lasting adverse effects of cancer and 
cancer treatment. We aimed to characterize long-term fatigue 
trajectories among breast cancer survivors.
METHODS: We performed a detailed longitudinal analysis of 
fatigue using a large ongoing national prospective clinical 
study (CANcer TOxicity, ClinicalTrials.gov identifier: 
NCT01993498) of patients with stage I-III breast cancer treated 
from 2012 to 2015. Fatigue was assessed at diagnosis and year 1, 
2, and 4 postdiagnosis. Baseline clinical, sociodemographic, 
behavioral, tumor - related, and treatment - related 
characteristics were available. Trajectories of fatigue and risk 
factors of trajectory-group membership were identified by 
iterative estimates of group-based trajectory models.
RESULTS: Three trajectory groups were identified for severe 
global fatigue (n = 4,173). Twenty-one percent of patients were 
in the high-risk group, having risk estimates of severe global 
fatigue of 94.8% (95% CI, 86.6 to 100.0) at diagnosis and 64.6% 
(95% CI, 59.2 to 70.1) at year 4; 19% of patients clustered in the 
deteriorating group with risk estimates of severe global fatigue 
of 13.8% (95% CI, 6.7 to 20.9) at diagnosis and 64.5% (95% CI, 57.3 
to 71.8) at year 4; 60% were in the low-risk group with risk 

estimates of 3.6% (95% CI, 2.5 to 4.7) at diagnosis and 9.6% (95% 
CI, 7.5 to 11.7) at year 4. The distinct dimensions of fatigue 
clustered in different trajectory groups than those identified by 
severe global fatigue, being differentially affected by 
sociodemographic, clinical, and treatment-related factors.
CONCLUSION: Our findings highlight the multidimensional 
nature of cancer-related fatigue and the complexity of its risk 
factors. This study helps to identify patients with increased risk 
of severe fatigue and to inform personalized interventions to 
ameliorate this problem.
Dynamics of Long-Term Patient-Reported Quality of Life and 
Health Behaviors After Adjuvant Breast Cancer Chemotherapy 

Citation: Journal of Clinical Oncology 40, no. 27 (September 
20, 2022) 3190-3204. 
Author: Antonio Di Meglio 
PURPOSE: We aimed to characterize long-term quality of life 
(QOL) trajectories among patients with breast cancer treated 
with adjuvant chemotherapy and to identify related patterns of 
health behaviors.
METHODS: Female stage I-III breast cancer patients receiving 
chemotherapy in CANTO (CANcer TOxicity; ClinicalTrials.gov 
identifier: NCT01993498) were included. Trajectories of QOL 
(European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire-C30 Summary Score) and 
associations with trajectory group membership were 
identified by iterative estimations of group-based trajectory 
models and multivariable multinomial logistic regression, 
respectively.

RESULTS: Four trajectory groups were identified (N = 4,131): 
excellent (51.7%), very good (31.7%), deteriorating (10.0%), and 
poor (6.6%) QOL. The deteriorating trajectory group reported 
fairly good baseline QOL (mean [95% CI], 78.3/100 [76.2 to 80.5]), 
which significantly worsened at year-1 (58.1/100 [56.4 to 59.9]) 
and never recovered to pretreatment values through year-4 
(61.1/100 [59.0 to 63.3]) postdiagnosis. Healthy behaviors were 
associated with better performing trajectory groups. Obesity 
(adjusted odds ratio [aOR] v lean, 1.51 [95% CI, 1.28 to 1.79]; P < 
.0001) and current smoking (aOR v never, 1.52 [95% CI, 1.27 to 
1.82]; P < .0001) at diagnosis were associated with membership 
to the deteriorating group, which was also characterized by a 
higher prevalence of patients with excess body weight and 
insufficient physical activity through year-4 and by frequent 
exposure to tobacco smoking during chemotherapy. 
Additional factors associated with membership to the 
deteriorating group included younger age (aOR, 1-year 
decrement 1.01 [95% CI, 1.01 to 1.02]; P = .043), comorbidities (aOR 
v no, 1.22 [95% CI, 1.06 to 1.40]; P = .005), lower income (aOR v 
wealthier households, 1.21 [95% CI, 1.07 to 1.37]; P = .002), and 
endocrine therapy (aOR v no, 1.14 [95% CI, 1.01 to 1.30]; P = .047).
CONCLUSION: This latent-class analysis identified some 
patients with upfront poor QOL and a high-risk cluster with 
severe, persistent postchemotherapy QOL deterioration. 
Screening relevant patient-level characteristics may inform 
tailored interventions to mitigate the detrimental impact of 
chemotherapy and preserve QOL, including early addressal of 
behavioral concerns and provision of healthy lifestyle support 
programs.

Patient-reported cognitive impairment in women participating 
in the RxPONDER trial (SWOG S1007) by menopausal status 

Citation: SABCS GS1-04 
Author: Kang
INTRODUCTION: Breast cancer treatment is associated with 
cancer-related cognitive impairment (CRCI). However, the 
differential effect of endocrine therapy (ET) vs chemotherapy 
followed by endocrine therapy (CET), including the impact of 
menopausal status, on CRCI is not well understood.
METHODS: Participants (pts) with hormone receptor positive, 
HER2 negative breast cancer with 1-3 positive lymph nodes and 
an Oncotype DX recurrence score of 0-25 enrolled in the 
RxPONDER trial were randomly assigned to ET alone versus 
CET. Until the health-related quality of life (HRQoL) accrual goal 
was reached, English speaking pts in the US were invited to 
complete HRQoL questionnaires including the 8-item PROMIS 
Perceived Cognitive Function Concerns (PCF) Short Form 
questionnaire shortly after randomization (baseline), as well as 
6, 12, and 36 months after baseline. Analysis of measures of 
anxiety and fatigue is presented separately. Standardized T 
scores (mean 50; SD 10) for PCF were computed with higher 
scores indicating less cognitive impairment. The primary 
endpoint of this exploratory analysis was to compare mean 
PCF T scores by treatment arm and menopausal status. 
Separately by menopausal status, a generalized estimating 
equations (GEE) model was fit to the three timepoints 
adjusting for baseline to estimate the difference between 
treatment arms and whether there was a time trend over the 
three follow-up measures.

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

RESULTS: The HRQoL accrual exceeded the goal of 500 
patients, with 74% of pts participating voluntarily until the QOL 
invitation was removed from the protocol (Dec 1, 2012). A total 
of 139 pre and 429 postmenopausal pts completed the 
questionnaires at baseline. T scores were similar between ET 
and CET arms at baseline [Table]. In the ET arm, T scores 
decreased from baseline to 6 and 12 months but recovered to 
baseline at 36 months. In the CET arm, T scores decreased from 
baseline to 6 months and 12 months but did not return to 
baseline at 36 months. The mean score difference between 
CET and ET over time was -3.02 (p=0.01) and -2.36 (p=0.003) for 
pre and postmenopausal pts, respectively. Adjusting for 
baseline, there was no significant time trend over the three 
follow-up periods for either premenopausal (p=0.12) or 
postmenopausal (p=0.49) pts. Dropoff occurred over time with 
79%, 76%, 60% of pts at baseline participating at 6, 12, and 36 
months. Complete endocrine treatment adherence data are 
not yet available at each timepoint.

CONCLUSION: Chemoendocrine therapy has a greater 
negative effect on patient-reported CRCI compared to ET alone 
in both pre- and post-menopausal pts and it is sustained over 
36 months. Interventions to prevent or treat CRCI are needed 
to improve the long-term quality of life of patients treated with 
CET.

 

Long-Term Longitudinal Patterns of Patient-Reported Fatigue 
After Breast Cancer: A Group-Based Trajectory Analysis 
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PURPOSE: Fatigue is recognized as one of the most 
burdensome and long-lasting adverse effects of cancer and 
cancer treatment. We aimed to characterize long-term fatigue 
trajectories among breast cancer survivors.
METHODS: We performed a detailed longitudinal analysis of 
fatigue using a large ongoing national prospective clinical 
study (CANcer TOxicity, ClinicalTrials.gov identifier: 
NCT01993498) of patients with stage I-III breast cancer treated 
from 2012 to 2015. Fatigue was assessed at diagnosis and year 1, 
2, and 4 postdiagnosis. Baseline clinical, sociodemographic, 
behavioral, tumor - related, and treatment - related 
characteristics were available. Trajectories of fatigue and risk 
factors of trajectory-group membership were identified by 
iterative estimates of group-based trajectory models.
RESULTS: Three trajectory groups were identified for severe 
global fatigue (n = 4,173). Twenty-one percent of patients were 
in the high-risk group, having risk estimates of severe global 
fatigue of 94.8% (95% CI, 86.6 to 100.0) at diagnosis and 64.6% 
(95% CI, 59.2 to 70.1) at year 4; 19% of patients clustered in the 
deteriorating group with risk estimates of severe global fatigue 
of 13.8% (95% CI, 6.7 to 20.9) at diagnosis and 64.5% (95% CI, 57.3 
to 71.8) at year 4; 60% were in the low-risk group with risk 

estimates of 3.6% (95% CI, 2.5 to 4.7) at diagnosis and 9.6% (95% 
CI, 7.5 to 11.7) at year 4. The distinct dimensions of fatigue 
clustered in different trajectory groups than those identified by 
severe global fatigue, being differentially affected by 
sociodemographic, clinical, and treatment-related factors.
CONCLUSION: Our findings highlight the multidimensional 
nature of cancer-related fatigue and the complexity of its risk 
factors. This study helps to identify patients with increased risk 
of severe fatigue and to inform personalized interventions to 
ameliorate this problem.
Dynamics of Long-Term Patient-Reported Quality of Life and 
Health Behaviors After Adjuvant Breast Cancer Chemotherapy 
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PURPOSE: We aimed to characterize long-term quality of life 
(QOL) trajectories among patients with breast cancer treated 
with adjuvant chemotherapy and to identify related patterns of 
health behaviors.
METHODS: Female stage I-III breast cancer patients receiving 
chemotherapy in CANTO (CANcer TOxicity; ClinicalTrials.gov 
identifier: NCT01993498) were included. Trajectories of QOL 
(European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire-C30 Summary Score) and 
associations with trajectory group membership were 
identified by iterative estimations of group-based trajectory 
models and multivariable multinomial logistic regression, 
respectively.

RESULTS: Four trajectory groups were identified (N = 4,131): 
excellent (51.7%), very good (31.7%), deteriorating (10.0%), and 
poor (6.6%) QOL. The deteriorating trajectory group reported 
fairly good baseline QOL (mean [95% CI], 78.3/100 [76.2 to 80.5]), 
which significantly worsened at year-1 (58.1/100 [56.4 to 59.9]) 
and never recovered to pretreatment values through year-4 
(61.1/100 [59.0 to 63.3]) postdiagnosis. Healthy behaviors were 
associated with better performing trajectory groups. Obesity 
(adjusted odds ratio [aOR] v lean, 1.51 [95% CI, 1.28 to 1.79]; P < 
.0001) and current smoking (aOR v never, 1.52 [95% CI, 1.27 to 
1.82]; P < .0001) at diagnosis were associated with membership 
to the deteriorating group, which was also characterized by a 
higher prevalence of patients with excess body weight and 
insufficient physical activity through year-4 and by frequent 
exposure to tobacco smoking during chemotherapy. 
Additional factors associated with membership to the 
deteriorating group included younger age (aOR, 1-year 
decrement 1.01 [95% CI, 1.01 to 1.02]; P = .043), comorbidities (aOR 
v no, 1.22 [95% CI, 1.06 to 1.40]; P = .005), lower income (aOR v 
wealthier households, 1.21 [95% CI, 1.07 to 1.37]; P = .002), and 
endocrine therapy (aOR v no, 1.14 [95% CI, 1.01 to 1.30]; P = .047).
CONCLUSION: This latent-class analysis identified some 
patients with upfront poor QOL and a high-risk cluster with 
severe, persistent postchemotherapy QOL deterioration. 
Screening relevant patient-level characteristics may inform 
tailored interventions to mitigate the detrimental impact of 
chemotherapy and preserve QOL, including early addressal of 
behavioral concerns and provision of healthy lifestyle support 
programs.

Patient-reported cognitive impairment in women participating 
in the RxPONDER trial (SWOG S1007) by menopausal status 

Citation: SABCS GS1-04 
Author: Kang
INTRODUCTION: Breast cancer treatment is associated with 
cancer-related cognitive impairment (CRCI). However, the 
differential effect of endocrine therapy (ET) vs chemotherapy 
followed by endocrine therapy (CET), including the impact of 
menopausal status, on CRCI is not well understood.
METHODS: Participants (pts) with hormone receptor positive, 
HER2 negative breast cancer with 1-3 positive lymph nodes and 
an Oncotype DX recurrence score of 0-25 enrolled in the 
RxPONDER trial were randomly assigned to ET alone versus 
CET. Until the health-related quality of life (HRQoL) accrual goal 
was reached, English speaking pts in the US were invited to 
complete HRQoL questionnaires including the 8-item PROMIS 
Perceived Cognitive Function Concerns (PCF) Short Form 
questionnaire shortly after randomization (baseline), as well as 
6, 12, and 36 months after baseline. Analysis of measures of 
anxiety and fatigue is presented separately. Standardized T 
scores (mean 50; SD 10) for PCF were computed with higher 
scores indicating less cognitive impairment. The primary 
endpoint of this exploratory analysis was to compare mean 
PCF T scores by treatment arm and menopausal status. 
Separately by menopausal status, a generalized estimating 
equations (GEE) model was fit to the three timepoints 
adjusting for baseline to estimate the difference between 
treatment arms and whether there was a time trend over the 
three follow-up measures.

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
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BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

RESULTS: The HRQoL accrual exceeded the goal of 500 
patients, with 74% of pts participating voluntarily until the QOL 
invitation was removed from the protocol (Dec 1, 2012). A total 
of 139 pre and 429 postmenopausal pts completed the 
questionnaires at baseline. T scores were similar between ET 
and CET arms at baseline [Table]. In the ET arm, T scores 
decreased from baseline to 6 and 12 months but recovered to 
baseline at 36 months. In the CET arm, T scores decreased from 
baseline to 6 months and 12 months but did not return to 
baseline at 36 months. The mean score difference between 
CET and ET over time was -3.02 (p=0.01) and -2.36 (p=0.003) for 
pre and postmenopausal pts, respectively. Adjusting for 
baseline, there was no significant time trend over the three 
follow-up periods for either premenopausal (p=0.12) or 
postmenopausal (p=0.49) pts. Dropoff occurred over time with 
79%, 76%, 60% of pts at baseline participating at 6, 12, and 36 
months. Complete endocrine treatment adherence data are 
not yet available at each timepoint.

CONCLUSION: Chemoendocrine therapy has a greater 
negative effect on patient-reported CRCI compared to ET alone 
in both pre- and post-menopausal pts and it is sustained over 
36 months. Interventions to prevent or treat CRCI are needed 
to improve the long-term quality of life of patients treated with 
CET.
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Long-Term Longitudinal Patterns of Patient-Reported Fatigue 
After Breast Cancer: A Group-Based Trajectory Analysis 

Citation: Journal of Clinical Oncology 40, no. 19 (July 01, 2022) 
2148-2162. 
Author: Ines Vaz-Luis
PURPOSE: Fatigue is recognized as one of the most 
burdensome and long-lasting adverse effects of cancer and 
cancer treatment. We aimed to characterize long-term fatigue 
trajectories among breast cancer survivors.
METHODS: We performed a detailed longitudinal analysis of 
fatigue using a large ongoing national prospective clinical 
study (CANcer TOxicity, ClinicalTrials.gov identifier: 
NCT01993498) of patients with stage I-III breast cancer treated 
from 2012 to 2015. Fatigue was assessed at diagnosis and year 1, 
2, and 4 postdiagnosis. Baseline clinical, sociodemographic, 
behavioral, tumor - related, and treatment - related 
characteristics were available. Trajectories of fatigue and risk 
factors of trajectory-group membership were identified by 
iterative estimates of group-based trajectory models.
RESULTS: Three trajectory groups were identified for severe 
global fatigue (n = 4,173). Twenty-one percent of patients were 
in the high-risk group, having risk estimates of severe global 
fatigue of 94.8% (95% CI, 86.6 to 100.0) at diagnosis and 64.6% 
(95% CI, 59.2 to 70.1) at year 4; 19% of patients clustered in the 
deteriorating group with risk estimates of severe global fatigue 
of 13.8% (95% CI, 6.7 to 20.9) at diagnosis and 64.5% (95% CI, 57.3 
to 71.8) at year 4; 60% were in the low-risk group with risk 

estimates of 3.6% (95% CI, 2.5 to 4.7) at diagnosis and 9.6% (95% 
CI, 7.5 to 11.7) at year 4. The distinct dimensions of fatigue 
clustered in different trajectory groups than those identified by 
severe global fatigue, being differentially affected by 
sociodemographic, clinical, and treatment-related factors.
CONCLUSION: Our findings highlight the multidimensional 
nature of cancer-related fatigue and the complexity of its risk 
factors. This study helps to identify patients with increased risk 
of severe fatigue and to inform personalized interventions to 
ameliorate this problem.
Dynamics of Long-Term Patient-Reported Quality of Life and 
Health Behaviors After Adjuvant Breast Cancer Chemotherapy 

Citation: Journal of Clinical Oncology 40, no. 27 (September 
20, 2022) 3190-3204. 
Author: Antonio Di Meglio 
PURPOSE: We aimed to characterize long-term quality of life 
(QOL) trajectories among patients with breast cancer treated 
with adjuvant chemotherapy and to identify related patterns of 
health behaviors.
METHODS: Female stage I-III breast cancer patients receiving 
chemotherapy in CANTO (CANcer TOxicity; ClinicalTrials.gov 
identifier: NCT01993498) were included. Trajectories of QOL 
(European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire-C30 Summary Score) and 
associations with trajectory group membership were 
identified by iterative estimations of group-based trajectory 
models and multivariable multinomial logistic regression, 
respectively.

RESULTS: Four trajectory groups were identified (N = 4,131): 
excellent (51.7%), very good (31.7%), deteriorating (10.0%), and 
poor (6.6%) QOL. The deteriorating trajectory group reported 
fairly good baseline QOL (mean [95% CI], 78.3/100 [76.2 to 80.5]), 
which significantly worsened at year-1 (58.1/100 [56.4 to 59.9]) 
and never recovered to pretreatment values through year-4 
(61.1/100 [59.0 to 63.3]) postdiagnosis. Healthy behaviors were 
associated with better performing trajectory groups. Obesity 
(adjusted odds ratio [aOR] v lean, 1.51 [95% CI, 1.28 to 1.79]; P < 
.0001) and current smoking (aOR v never, 1.52 [95% CI, 1.27 to 
1.82]; P < .0001) at diagnosis were associated with membership 
to the deteriorating group, which was also characterized by a 
higher prevalence of patients with excess body weight and 
insufficient physical activity through year-4 and by frequent 
exposure to tobacco smoking during chemotherapy. 
Additional factors associated with membership to the 
deteriorating group included younger age (aOR, 1-year 
decrement 1.01 [95% CI, 1.01 to 1.02]; P = .043), comorbidities (aOR 
v no, 1.22 [95% CI, 1.06 to 1.40]; P = .005), lower income (aOR v 
wealthier households, 1.21 [95% CI, 1.07 to 1.37]; P = .002), and 
endocrine therapy (aOR v no, 1.14 [95% CI, 1.01 to 1.30]; P = .047).
CONCLUSION: This latent-class analysis identified some 
patients with upfront poor QOL and a high-risk cluster with 
severe, persistent postchemotherapy QOL deterioration. 
Screening relevant patient-level characteristics may inform 
tailored interventions to mitigate the detrimental impact of 
chemotherapy and preserve QOL, including early addressal of 
behavioral concerns and provision of healthy lifestyle support 
programs.

Patient-reported cognitive impairment in women participating 
in the RxPONDER trial (SWOG S1007) by menopausal status 

Citation: SABCS GS1-04 
Author: Kang
INTRODUCTION: Breast cancer treatment is associated with 
cancer-related cognitive impairment (CRCI). However, the 
differential effect of endocrine therapy (ET) vs chemotherapy 
followed by endocrine therapy (CET), including the impact of 
menopausal status, on CRCI is not well understood.
METHODS: Participants (pts) with hormone receptor positive, 
HER2 negative breast cancer with 1-3 positive lymph nodes and 
an Oncotype DX recurrence score of 0-25 enrolled in the 
RxPONDER trial were randomly assigned to ET alone versus 
CET. Until the health-related quality of life (HRQoL) accrual goal 
was reached, English speaking pts in the US were invited to 
complete HRQoL questionnaires including the 8-item PROMIS 
Perceived Cognitive Function Concerns (PCF) Short Form 
questionnaire shortly after randomization (baseline), as well as 
6, 12, and 36 months after baseline. Analysis of measures of 
anxiety and fatigue is presented separately. Standardized T 
scores (mean 50; SD 10) for PCF were computed with higher 
scores indicating less cognitive impairment. The primary 
endpoint of this exploratory analysis was to compare mean 
PCF T scores by treatment arm and menopausal status. 
Separately by menopausal status, a generalized estimating 
equations (GEE) model was fit to the three timepoints 
adjusting for baseline to estimate the difference between 
treatment arms and whether there was a time trend over the 
three follow-up measures.

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

RESULTS: The HRQoL accrual exceeded the goal of 500 
patients, with 74% of pts participating voluntarily until the QOL 
invitation was removed from the protocol (Dec 1, 2012). A total 
of 139 pre and 429 postmenopausal pts completed the 
questionnaires at baseline. T scores were similar between ET 
and CET arms at baseline [Table]. In the ET arm, T scores 
decreased from baseline to 6 and 12 months but recovered to 
baseline at 36 months. In the CET arm, T scores decreased from 
baseline to 6 months and 12 months but did not return to 
baseline at 36 months. The mean score difference between 
CET and ET over time was -3.02 (p=0.01) and -2.36 (p=0.003) for 
pre and postmenopausal pts, respectively. Adjusting for 
baseline, there was no significant time trend over the three 
follow-up periods for either premenopausal (p=0.12) or 
postmenopausal (p=0.49) pts. Dropoff occurred over time with 
79%, 76%, 60% of pts at baseline participating at 6, 12, and 36 
months. Complete endocrine treatment adherence data are 
not yet available at each timepoint.

CONCLUSION: Chemoendocrine therapy has a greater 
negative effect on patient-reported CRCI compared to ET alone 
in both pre- and post-menopausal pts and it is sustained over 
36 months. Interventions to prevent or treat CRCI are needed 
to improve the long-term quality of life of patients treated with 
CET.
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Long-Term Longitudinal Patterns of Patient-Reported Fatigue 
After Breast Cancer: A Group-Based Trajectory Analysis 

Citation: Journal of Clinical Oncology 40, no. 19 (July 01, 2022) 
2148-2162. 
Author: Ines Vaz-Luis
PURPOSE: Fatigue is recognized as one of the most 
burdensome and long-lasting adverse effects of cancer and 
cancer treatment. We aimed to characterize long-term fatigue 
trajectories among breast cancer survivors.
METHODS: We performed a detailed longitudinal analysis of 
fatigue using a large ongoing national prospective clinical 
study (CANcer TOxicity, ClinicalTrials.gov identifier: 
NCT01993498) of patients with stage I-III breast cancer treated 
from 2012 to 2015. Fatigue was assessed at diagnosis and year 1, 
2, and 4 postdiagnosis. Baseline clinical, sociodemographic, 
behavioral, tumor - related, and treatment - related 
characteristics were available. Trajectories of fatigue and risk 
factors of trajectory-group membership were identified by 
iterative estimates of group-based trajectory models.
RESULTS: Three trajectory groups were identified for severe 
global fatigue (n = 4,173). Twenty-one percent of patients were 
in the high-risk group, having risk estimates of severe global 
fatigue of 94.8% (95% CI, 86.6 to 100.0) at diagnosis and 64.6% 
(95% CI, 59.2 to 70.1) at year 4; 19% of patients clustered in the 
deteriorating group with risk estimates of severe global fatigue 
of 13.8% (95% CI, 6.7 to 20.9) at diagnosis and 64.5% (95% CI, 57.3 
to 71.8) at year 4; 60% were in the low-risk group with risk 

estimates of 3.6% (95% CI, 2.5 to 4.7) at diagnosis and 9.6% (95% 
CI, 7.5 to 11.7) at year 4. The distinct dimensions of fatigue 
clustered in different trajectory groups than those identified by 
severe global fatigue, being differentially affected by 
sociodemographic, clinical, and treatment-related factors.
CONCLUSION: Our findings highlight the multidimensional 
nature of cancer-related fatigue and the complexity of its risk 
factors. This study helps to identify patients with increased risk 
of severe fatigue and to inform personalized interventions to 
ameliorate this problem.
Dynamics of Long-Term Patient-Reported Quality of Life and 
Health Behaviors After Adjuvant Breast Cancer Chemotherapy 

Citation: Journal of Clinical Oncology 40, no. 27 (September 
20, 2022) 3190-3204. 
Author: Antonio Di Meglio 
PURPOSE: We aimed to characterize long-term quality of life 
(QOL) trajectories among patients with breast cancer treated 
with adjuvant chemotherapy and to identify related patterns of 
health behaviors.
METHODS: Female stage I-III breast cancer patients receiving 
chemotherapy in CANTO (CANcer TOxicity; ClinicalTrials.gov 
identifier: NCT01993498) were included. Trajectories of QOL 
(European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire-C30 Summary Score) and 
associations with trajectory group membership were 
identified by iterative estimations of group-based trajectory 
models and multivariable multinomial logistic regression, 
respectively.

RESULTS: Four trajectory groups were identified (N = 4,131): 
excellent (51.7%), very good (31.7%), deteriorating (10.0%), and 
poor (6.6%) QOL. The deteriorating trajectory group reported 
fairly good baseline QOL (mean [95% CI], 78.3/100 [76.2 to 80.5]), 
which significantly worsened at year-1 (58.1/100 [56.4 to 59.9]) 
and never recovered to pretreatment values through year-4 
(61.1/100 [59.0 to 63.3]) postdiagnosis. Healthy behaviors were 
associated with better performing trajectory groups. Obesity 
(adjusted odds ratio [aOR] v lean, 1.51 [95% CI, 1.28 to 1.79]; P < 
.0001) and current smoking (aOR v never, 1.52 [95% CI, 1.27 to 
1.82]; P < .0001) at diagnosis were associated with membership 
to the deteriorating group, which was also characterized by a 
higher prevalence of patients with excess body weight and 
insufficient physical activity through year-4 and by frequent 
exposure to tobacco smoking during chemotherapy. 
Additional factors associated with membership to the 
deteriorating group included younger age (aOR, 1-year 
decrement 1.01 [95% CI, 1.01 to 1.02]; P = .043), comorbidities (aOR 
v no, 1.22 [95% CI, 1.06 to 1.40]; P = .005), lower income (aOR v 
wealthier households, 1.21 [95% CI, 1.07 to 1.37]; P = .002), and 
endocrine therapy (aOR v no, 1.14 [95% CI, 1.01 to 1.30]; P = .047).
CONCLUSION: This latent-class analysis identified some 
patients with upfront poor QOL and a high-risk cluster with 
severe, persistent postchemotherapy QOL deterioration. 
Screening relevant patient-level characteristics may inform 
tailored interventions to mitigate the detrimental impact of 
chemotherapy and preserve QOL, including early addressal of 
behavioral concerns and provision of healthy lifestyle support 
programs.

Patient-reported cognitive impairment in women participating 
in the RxPONDER trial (SWOG S1007) by menopausal status 

Citation: SABCS GS1-04 
Author: Kang
INTRODUCTION: Breast cancer treatment is associated with 
cancer-related cognitive impairment (CRCI). However, the 
differential effect of endocrine therapy (ET) vs chemotherapy 
followed by endocrine therapy (CET), including the impact of 
menopausal status, on CRCI is not well understood.
METHODS: Participants (pts) with hormone receptor positive, 
HER2 negative breast cancer with 1-3 positive lymph nodes and 
an Oncotype DX recurrence score of 0-25 enrolled in the 
RxPONDER trial were randomly assigned to ET alone versus 
CET. Until the health-related quality of life (HRQoL) accrual goal 
was reached, English speaking pts in the US were invited to 
complete HRQoL questionnaires including the 8-item PROMIS 
Perceived Cognitive Function Concerns (PCF) Short Form 
questionnaire shortly after randomization (baseline), as well as 
6, 12, and 36 months after baseline. Analysis of measures of 
anxiety and fatigue is presented separately. Standardized T 
scores (mean 50; SD 10) for PCF were computed with higher 
scores indicating less cognitive impairment. The primary 
endpoint of this exploratory analysis was to compare mean 
PCF T scores by treatment arm and menopausal status. 
Separately by menopausal status, a generalized estimating 
equations (GEE) model was fit to the three timepoints 
adjusting for baseline to estimate the difference between 
treatment arms and whether there was a time trend over the 
three follow-up measures.

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

RESULTS: The HRQoL accrual exceeded the goal of 500 
patients, with 74% of pts participating voluntarily until the QOL 
invitation was removed from the protocol (Dec 1, 2012). A total 
of 139 pre and 429 postmenopausal pts completed the 
questionnaires at baseline. T scores were similar between ET 
and CET arms at baseline [Table]. In the ET arm, T scores 
decreased from baseline to 6 and 12 months but recovered to 
baseline at 36 months. In the CET arm, T scores decreased from 
baseline to 6 months and 12 months but did not return to 
baseline at 36 months. The mean score difference between 
CET and ET over time was -3.02 (p=0.01) and -2.36 (p=0.003) for 
pre and postmenopausal pts, respectively. Adjusting for 
baseline, there was no significant time trend over the three 
follow-up periods for either premenopausal (p=0.12) or 
postmenopausal (p=0.49) pts. Dropoff occurred over time with 
79%, 76%, 60% of pts at baseline participating at 6, 12, and 36 
months. Complete endocrine treatment adherence data are 
not yet available at each timepoint.

CONCLUSION: Chemoendocrine therapy has a greater 
negative effect on patient-reported CRCI compared to ET alone 
in both pre- and post-menopausal pts and it is sustained over 
36 months. Interventions to prevent or treat CRCI are needed 
to improve the long-term quality of life of patients treated with 
CET.

 

Long-Term Longitudinal Patterns of Patient-Reported Fatigue 
After Breast Cancer: A Group-Based Trajectory Analysis 

Citation: Journal of Clinical Oncology 40, no. 19 (July 01, 2022) 
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Author: Ines Vaz-Luis
PURPOSE: Fatigue is recognized as one of the most 
burdensome and long-lasting adverse effects of cancer and 
cancer treatment. We aimed to characterize long-term fatigue 
trajectories among breast cancer survivors.
METHODS: We performed a detailed longitudinal analysis of 
fatigue using a large ongoing national prospective clinical 
study (CANcer TOxicity, ClinicalTrials.gov identifier: 
NCT01993498) of patients with stage I-III breast cancer treated 
from 2012 to 2015. Fatigue was assessed at diagnosis and year 1, 
2, and 4 postdiagnosis. Baseline clinical, sociodemographic, 
behavioral, tumor - related, and treatment - related 
characteristics were available. Trajectories of fatigue and risk 
factors of trajectory-group membership were identified by 
iterative estimates of group-based trajectory models.
RESULTS: Three trajectory groups were identified for severe 
global fatigue (n = 4,173). Twenty-one percent of patients were 
in the high-risk group, having risk estimates of severe global 
fatigue of 94.8% (95% CI, 86.6 to 100.0) at diagnosis and 64.6% 
(95% CI, 59.2 to 70.1) at year 4; 19% of patients clustered in the 
deteriorating group with risk estimates of severe global fatigue 
of 13.8% (95% CI, 6.7 to 20.9) at diagnosis and 64.5% (95% CI, 57.3 
to 71.8) at year 4; 60% were in the low-risk group with risk 

estimates of 3.6% (95% CI, 2.5 to 4.7) at diagnosis and 9.6% (95% 
CI, 7.5 to 11.7) at year 4. The distinct dimensions of fatigue 
clustered in different trajectory groups than those identified by 
severe global fatigue, being differentially affected by 
sociodemographic, clinical, and treatment-related factors.
CONCLUSION: Our findings highlight the multidimensional 
nature of cancer-related fatigue and the complexity of its risk 
factors. This study helps to identify patients with increased risk 
of severe fatigue and to inform personalized interventions to 
ameliorate this problem.
Dynamics of Long-Term Patient-Reported Quality of Life and 
Health Behaviors After Adjuvant Breast Cancer Chemotherapy 

Citation: Journal of Clinical Oncology 40, no. 27 (September 
20, 2022) 3190-3204. 
Author: Antonio Di Meglio 
PURPOSE: We aimed to characterize long-term quality of life 
(QOL) trajectories among patients with breast cancer treated 
with adjuvant chemotherapy and to identify related patterns of 
health behaviors.
METHODS: Female stage I-III breast cancer patients receiving 
chemotherapy in CANTO (CANcer TOxicity; ClinicalTrials.gov 
identifier: NCT01993498) were included. Trajectories of QOL 
(European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire-C30 Summary Score) and 
associations with trajectory group membership were 
identified by iterative estimations of group-based trajectory 
models and multivariable multinomial logistic regression, 
respectively.

RESULTS: Four trajectory groups were identified (N = 4,131): 
excellent (51.7%), very good (31.7%), deteriorating (10.0%), and 
poor (6.6%) QOL. The deteriorating trajectory group reported 
fairly good baseline QOL (mean [95% CI], 78.3/100 [76.2 to 80.5]), 
which significantly worsened at year-1 (58.1/100 [56.4 to 59.9]) 
and never recovered to pretreatment values through year-4 
(61.1/100 [59.0 to 63.3]) postdiagnosis. Healthy behaviors were 
associated with better performing trajectory groups. Obesity 
(adjusted odds ratio [aOR] v lean, 1.51 [95% CI, 1.28 to 1.79]; P < 
.0001) and current smoking (aOR v never, 1.52 [95% CI, 1.27 to 
1.82]; P < .0001) at diagnosis were associated with membership 
to the deteriorating group, which was also characterized by a 
higher prevalence of patients with excess body weight and 
insufficient physical activity through year-4 and by frequent 
exposure to tobacco smoking during chemotherapy. 
Additional factors associated with membership to the 
deteriorating group included younger age (aOR, 1-year 
decrement 1.01 [95% CI, 1.01 to 1.02]; P = .043), comorbidities (aOR 
v no, 1.22 [95% CI, 1.06 to 1.40]; P = .005), lower income (aOR v 
wealthier households, 1.21 [95% CI, 1.07 to 1.37]; P = .002), and 
endocrine therapy (aOR v no, 1.14 [95% CI, 1.01 to 1.30]; P = .047).
CONCLUSION: This latent-class analysis identified some 
patients with upfront poor QOL and a high-risk cluster with 
severe, persistent postchemotherapy QOL deterioration. 
Screening relevant patient-level characteristics may inform 
tailored interventions to mitigate the detrimental impact of 
chemotherapy and preserve QOL, including early addressal of 
behavioral concerns and provision of healthy lifestyle support 
programs.

Patient-reported cognitive impairment in women participating 
in the RxPONDER trial (SWOG S1007) by menopausal status 

Citation: SABCS GS1-04 
Author: Kang
INTRODUCTION: Breast cancer treatment is associated with 
cancer-related cognitive impairment (CRCI). However, the 
differential effect of endocrine therapy (ET) vs chemotherapy 
followed by endocrine therapy (CET), including the impact of 
menopausal status, on CRCI is not well understood.
METHODS: Participants (pts) with hormone receptor positive, 
HER2 negative breast cancer with 1-3 positive lymph nodes and 
an Oncotype DX recurrence score of 0-25 enrolled in the 
RxPONDER trial were randomly assigned to ET alone versus 
CET. Until the health-related quality of life (HRQoL) accrual goal 
was reached, English speaking pts in the US were invited to 
complete HRQoL questionnaires including the 8-item PROMIS 
Perceived Cognitive Function Concerns (PCF) Short Form 
questionnaire shortly after randomization (baseline), as well as 
6, 12, and 36 months after baseline. Analysis of measures of 
anxiety and fatigue is presented separately. Standardized T 
scores (mean 50; SD 10) for PCF were computed with higher 
scores indicating less cognitive impairment. The primary 
endpoint of this exploratory analysis was to compare mean 
PCF T scores by treatment arm and menopausal status. 
Separately by menopausal status, a generalized estimating 
equations (GEE) model was fit to the three timepoints 
adjusting for baseline to estimate the difference between 
treatment arms and whether there was a time trend over the 
three follow-up measures.

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
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PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

RESULTS: The HRQoL accrual exceeded the goal of 500 
patients, with 74% of pts participating voluntarily until the QOL 
invitation was removed from the protocol (Dec 1, 2012). A total 
of 139 pre and 429 postmenopausal pts completed the 
questionnaires at baseline. T scores were similar between ET 
and CET arms at baseline [Table]. In the ET arm, T scores 
decreased from baseline to 6 and 12 months but recovered to 
baseline at 36 months. In the CET arm, T scores decreased from 
baseline to 6 months and 12 months but did not return to 
baseline at 36 months. The mean score difference between 
CET and ET over time was -3.02 (p=0.01) and -2.36 (p=0.003) for 
pre and postmenopausal pts, respectively. Adjusting for 
baseline, there was no significant time trend over the three 
follow-up periods for either premenopausal (p=0.12) or 
postmenopausal (p=0.49) pts. Dropoff occurred over time with 
79%, 76%, 60% of pts at baseline participating at 6, 12, and 36 
months. Complete endocrine treatment adherence data are 
not yet available at each timepoint.

CONCLUSION: Chemoendocrine therapy has a greater 
negative effect on patient-reported CRCI compared to ET alone 
in both pre- and post-menopausal pts and it is sustained over 
36 months. Interventions to prevent or treat CRCI are needed 
to improve the long-term quality of life of patients treated with 
CET.
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Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 
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PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
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PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 
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BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
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BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 
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PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 
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Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 
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BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 
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IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 

Citation: J Clin Oncol. 2022 Jun 20;40(18):2004-2012 
Author: Vincent S Paramanandam
PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
Author: Bolette S. Rafn
PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 

Citation: J Clin Oncol. 2022 Jun 20;40(18):2004-2012 
Author: Vincent S Paramanandam
PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
Author: Bolette S. Rafn
PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
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In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 
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PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
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PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 
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BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 

Citation: J Clin Oncol. 2022 Jun 20;40(18):2004-2012 
Author: Vincent S Paramanandam
PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
Author: Bolette S. Rafn
PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 

Citation: J Clin Oncol. 2022 Jun 20;40(18):2004-2012 
Author: Vincent S Paramanandam
PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
Author: Bolette S. Rafn
PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 

Citation: J Clin Oncol. 2022 Jun 20;40(18):2004-2012 
Author: Vincent S Paramanandam
PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
Author: Bolette S. Rafn
PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 
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IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 
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PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
Author: Bolette S. Rafn
PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 
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BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 
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BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 
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PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
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INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 

Citation: J Clin Oncol. 2022 Jun 20;40(18):2004-2012 
Author: Vincent S Paramanandam
PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
Author: Bolette S. Rafn
PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 

Citation: J Clin Oncol. 2022 Jun 20;40(18):2004-2012 
Author: Vincent S Paramanandam
PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
Author: Bolette S. Rafn
PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 

Citation: J Clin Oncol. 2022 Jun 20;40(18):2004-2012 
Author: Vincent S Paramanandam
PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
Author: Bolette S. Rafn
PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 

Citation: J Clin Oncol. 2022 Jun 20;40(18):2004-2012 
Author: Vincent S Paramanandam
PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
Author: Bolette S. Rafn
PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
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PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
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In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 
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PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
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PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 
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BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 

Citation: J Clin Oncol. 2022 Jun 20;40(18):2004-2012 
Author: Vincent S Paramanandam
PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
Author: Bolette S. Rafn
PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 
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PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
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INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 
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BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 
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IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 
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In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 
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PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
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PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 
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BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
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BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.

(TNSc), patient self-report questionnaires 
(EORTC-QLQ-CIPN20), MR-neurography (n=21) and nerve 
conduction studies. Additionally, we evaluated onycholysis, 
skin toxicity, quality of life, CIPN-associated dose-reductions, 
treatment discontinuations and potential risk factors.
RESULTS: Cooling and compression were highly effective in 
preventing grade ≥2 CIPN (cooling: 25 vs. 46%; p-value=0.0008; 
compression: 23 vs. 39%; p-value=0.0016) with similar efficacy 
(no significant difference was found: p-value=0.7303). 
MR-neurography was highly sensitive for detecting CIPN 
showing increased T2 nerve-to-muscle signal ratio indicating 
edematous nerve changes. Updated results will be presented.
CONCLUSIONS: POLAR is the first trial to compare cooling and 
compression for preventing CIPN. Both interventions were 
highly effective and almost halved the risk of grade ≥2 CIPN. 
These findings could play an important role beyond 
gynecological oncology.
The Effects of vaginal testosterone versus placebo on female 
sexual function: Interim analysis of the PIVoT (Prevention of 
Recurrent Urinary Tract Infection using Vaginal Testosterone) 
Trial 

Citation: SMSNA 2022; Abstract 2 
Author: Martinez, M
INTRODUCTION: Post-menopasual women experience 
changes in vaginal flora and vaginal atrophy that have been 
associated with declining estrogen levels. These changes to 
the vaginal microenvironment often lead to significant genital 
pain and discomfort during sexual intercourse. Vaginal 
estrogen treats atrophy thereby restoring flora, which prevents 

UTIs and improves sexual function in post-menopausal 
women. While estrogen is effective, some patients have 
contraindications or are unwilling to use it. Vaginal 
testosterone cream (VT) has been shown to improve vaginal 
atrophy, however, its effects on overall vaginal health and 
sexual function have not been fully described. 
OBJECTIVE: The purpose of this study was to determine if VT is 
more effective than placebo cream in restoring the vaginal 
flora, improving the vaginal health index (VHI), and the sexual 
function of postmenopausal women with recurrent UTIs. 
Methods: This is an interim analysis of a randomized, double- 
blind placebocontrolled pilot study enrolling postmenopausal 
women with recurrent UTIs. Vaginal health index (VHI) and 
swab to assess flora via DNA sequencing were collected. 
Patients were randomized to VT or placebo. Female sexual 
function index (FSFI) questionnaires were administered at 
baseline, one month, and nine months post treatment. 
RESULTS: A total of 44 women have been enrolled. Average VHI 
at enrollment was 13.66 +/- 0.4. There was no difference in 
baseline characteristics among the groups. Results show an 
improvement in female sexual function index scores in both 
groups from baseline. In the VT arm, improvements were seen 
in the desire (2.18 to 2.85), lubrication (1.74 to 2.175), orgasm (1.64 
to 2.5) and pain (0.91 to 1.3) domains of the FSFI. Interestingly, 
improvements in all domains were seen in the placebo group, 
however, more patients in this group reported being sexually 
active. In terms of VHI, there was a statistically significant 
increase in VHI scores at 9 months post-treatment with VT 
(14.65 +/-4.20 to 17.50 +/- 4.43, p = 0.04). This increase in vaginal 

health index was not observed in the placebo arm.
CONCLUSIONS: Initial data demonstrates improvement in 
vaginal pH and VHI after 9 months of treatment with VT. 
Improvement in sexual function scores were also seen in both 
the treatment and the placebo groups. Higher patient 
enrollment and longer treatment follow up will be valuable in 
understanding the effects of VT versus placebo on sexual 
function among postmenopausal women.

 

 

 

lymphedema (CRD42019137965).
METHODS: Five databases and two registries were searched for 
randomized controlled trials or observational studies that 
assessed the incidence or prevalence of lymphedema 
associated with participation in a prospective surveillance 
program, published until February 26, 2021. Numbers triggered 
for early lymphedema management, resolved, and chronic 
lymphedema were extracted. Pooled relative risk (trials) and 
pooled rate (cumulative incidence; observational studies) of 
chronic lymphedema was calculated. Subgroup analyses 
assessed the effect of study design, length of follow-up, and 
extent of axillary surgery.
RESULTS: Twenty-three studies were included, of which 21 
studies evaluated breast cancer-related arm lymphedema 
(BCRaL). Participation in prospective surveillance with early 
management reduced the risk of chronic BCRaL versus usual 
care (relative risk 0.31; 95% CI, 0.10 to 0.95; two randomized 
controlled trials; N = 106). The pooled rate of chronic BCRaL was 
4% (95% CI, 3 to 6; 15 observational studies; N = 3,545), and 6% 
(95% CI, 4 to 9) when restricted to participants with axillary 
lymph node dissection (12 studies; N = 1,527).
CONCLUSION: The findings suggest that participation in 
prospective surveillance with early management reduces the 
risk of chronic BCRaL. Only a minority of patients at high risk of 
lymphedema because of axillary surgery developed chronic 
lymphedema. More robust research is needed to determine 
whether prospective surveillance with early management can 
reduce the risk of chronic lymphedema, particularly among 
cancer survivors other than breast cancer.

Chemotherapy-induced peripheral neuropathy (CIPN) 
prevention trial evaluating the efficacy of hand-cooling and 
compression in patients undergoing taxan-based 
(neo-)adjuvant chemotherapy for primary breast cancer: First 
results of the prospective, randomized POLAR trial 

Citation: ESMO Congress 15520 
Author: Laura Michel 
BACKGROUND: CIPN is a common, dose-limiting side effect of 
taxane-based chemotherapy. Currently there is no established 
strategy for prevention or treatment. Smaller studies suggest 
that cooling or compression could have a preventive effect. In 
this randomized trial we investigated the effectiveness of 
one-sided hand-cooling or compression for the prevention of 
CIPN.
METHODS: 122 breast cancer patients who received weekly 
(nab-)paclitaxel-based (neo-)adjuvant chemotherapy were 1:1 
randomized to either cooling or compression of the dominant 
hand. No intervention was performed on the other hand. 
Cooling was performed with a frozen glove (Elasto-Gel; 
84400APT Cedex, Akromed), compression was applied by two 
surgical gloves (one size smaller than tight-fitting size) 30 
minutes before, during and 30 minutes after taxane therapy. 
The primary endpoint was efficacy to prevent grade ≥2 sensory 
polyneuropathy evaluated by Common Terminology Criteria 
for Adverse Events v4.0 (CTCAE). In a second hierarchical test, 
CIPN rates between both intervention groups were compared. 
CIPN was further assessed by the Total Neuropathy Score 

Long-term Quality of Life in Patients With Breast Cancer After 
Breast Conservation vs Mastectomy and Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220631 
Author: Summer E. Hanson 
IMPORTANCE: Treatment options for early breast cancer 
include breast-conserving surgery with radiation therapy (RT) 
or mastectomy and breast reconstruction without RT. Despite 
marked differences in these treatment strategies, little is 
known with regard to their association with long-term quality 
of life (QOL).
OBJECTIVE: To evaluate the association of treatment with 
breast-conserving surgery with RT vs mastectomy and 
reconstruction without RT with long-term QOL.
DESIGN, SETTING, AND PARTICIPANTS: This comparative 
effectiveness research study used data from the Texas Cancer 
Registry for women diagnosed with stage 0-II breast cancer 
and treated with breast-conserving surgery or mastectomy 
and reconstruction between 2006 and 2008. The study sample 
was mailed a survey between March 2017 and April 2018. Data 
were analyzed from August 1, 2018 to October 15, 2021.
EXPOSURES: Breast-conserving surgery with RT or 
mastectomy and reconstruction without RT.
MAIN OUTCOMES AND MEASURES: The primary outcome was 
satisfaction with breasts, measured with the BREAST-Q 
patient-reported outcome measure. Secondary outcomes 
included BREAST-Q physical well-being, psychosocial 
well-being, and sexual well-being; health utility, measured 
using the EuroQol Health-Related Quality of Life 5-Dimension, 

3-Level questionnaire; and local therapy decisional regret. 
Multivariable linear regression models with weights for 
treatment, age, and race and ethnicity tested associations of 
the exposure with outcomes.
RESULTS: Of 647 patients who responded to the survey (40.0%; 
356 had undergone breast-conserving surgery, and 291 had 
undergone mastectomy and reconstruction), 551 (85.2%) 
confirmed treatment with breast-conserving surgery with RT 
(n = 315) or mastectomy and reconstruction without RT (n = 
236). Among the 647 respondents, the median age was 53 
years (range, 23-85 years) and the median time from diagnosis 
to survey was 10.3 years (range, 8.4-12.5 years). Multivariable 
analysis showed no significant difference between 
breast-conserving surgery with RT (referent) and mastectomy 
and reconstruction without RT in satisfaction with breasts 
(effect size, 2.71; 95% CI, -2.45 to 7.88; P = .30) or physical 
well-being (effect size, -1.80; 95% CI, -5.65 to 2.05; P = .36). In 
contrast, psychosocial well-being (effect size, -8.61; 95% CI, 
-13.26 to -3.95; P < .001) and sexual well-being (effect size, -10.68; 
95% CI, -16.60 to -4.76; P < .001) were significantly worse with 
mastectomy and reconstruction without RT. Health utility 
(effect size, -0.003; 95% CI, -0.03 to 0.03; P = .83) and decisional 
regret (effect size, 1.32; 95% CI, -3.77 to 6.40; P = .61) did not differ 
by treatment group.
CONCLUSIONS AND RELEVANCE: The findings support 
equivalence of breast-conserving surgery with RT and 
mastectomy and reconstruction without RT with regard to 
breast satisfaction and physical well-being. However, 
breast-conserving surgery with RT was associated with 

clinically meaningful improvements in psychosocial and sexual 
well-being. These findings may help inform 
preference-sensitive decision-making for women with 
early-stage breast cancer.
Association of Breast-Conserving Therapy with Measures of 
Long-term Quality of Life Compared With Mastectomy and 
Reconstruction 

Citation: JAMA Surg. 2022;157(6):e220637 
Author: Sudheer Vemuru 
In their investigation of long-term patient-reported outcomes 
after surgical treatment of early-stage breast cancer, Hanson et 
al1 reported equivalent patient satisfaction with breasts and 
physical well-being but better psychosocial and sexual 
well-being in patients Another important finding reported by 
Hanson et al1 is a significant disparity in patient-reported 
outcomes associated with social determinants of health. 
American Indian/Alaska Native patients had substantially 
worse QOL across all measures, whereas those identifying as 
Asian American/Pacific Related article who underwent 
breast-conserving surgery with subseIslander or as Hispanic 
had lower patient-reported outcome scores across some 
domains. Furthermore, Hanson et al1 quent radiation therapy 
(RT) compared with patients who underwent mastectomy and 
reconstruction. Given that more women eligible for 
breast-conserving surgery are choosing to undergo 
mastectomy,2 these findings have important implications for 
those patients’ decisions. The association of mastectomy with 
diminished qualityof-life (QOL) outcomes compared with 
breast-conserving surgery has been widely reported.3 

However, most prior studies included patients undergoing 
breast-conserving surgery without RT, patients undergoing 
mastectomy without reconstruction, and patients undergoing 
mastectomy with RT. The study by Hanson et al1 directly 
compared breast-conserving surgery with RT vs mastectomy 
and reconstruction without RT to avoid those potential 
confounders. One area not explored by Hanson et al1 is how 
breast-conserving surgery and mastectomy impact 
postoperative patient-reported outcomes compared with the 
preoperative baseline. Huynh et al4 reported that patients 
undergoing breast-conserving surgery are significantly more 
likely than patients undergoing mastectomy to return to or 
exceed their preoperative baseline patient-reported outcome 
scores. Overall, the preponderance of evidence suggests 
superior short-term and long-term patient-reported outcomes 
in patients with early-stage breast cancer undergoing breast 
conserving surgery compared with mastectomy. found that 
higher income and higher levels of education were 
independently associated with better patient-reported 
outcomes. These findings are notable because previous 
studies have shown that Asian American/Pacific Islander, 
Black, Hispanic, and economically poor patients with breast 
cancer are less likely to receive breast-conserving therapy,5,6 
and Spanish-speaking Hispanic patients with breast cancer are 
less likely to undergo reconstruction after mastectomy or be 
informed about that option.7 It is imperative that we address 
disparities in breast cancer care and improve these outcomes. 
Surgery is the crux of treatment for early-stage breast cancer, 
and it is well established that breast-conserving surgery with 
RT is associated with equivalent survival outcomes8 and better 

short-term and long-term QOL compared with mastectomy 
and reconstruction.1,3,4 To build on a core finding of the study 
by Hanson et al,1 more work must be done to understand and 
address disparities in QOL outcomes after breast cancer 
surgery for minoritized patients and patients of lower 
socioeconomic status. In addition, to bridge a gap in advancing 
shared decision-making in breast cancer treatment, QOL 
evidence in addition to clinical outcomes should consistently 
be considered when weighing treatment options.
Prophylactic Use of Compression Sleeves Reduces the Incidence 
of Arm Swelling in Women at High Risk of Breast Cancer-Related 
Lymphedema: A Randomized Controlled Trial 

Citation: J Clin Oncol. 2022 Jun 20;40(18):2004-2012 
Author: Vincent S Paramanandam
PURPOSE: To determine whether prophylactic use of 
compression sleeves prevents arm swelling in women who had 
undergone axillary lymph node dissection for breast cancer 
surgery.
METHODS: Women (n = 307) were randomly assigned to either 
a compression or control group. In addition to usual 
postoperative care, the compression group received two 
compression sleeves to wear postoperatively until 3 months 
after completing adjuvant treatments. Arm swelling was 
determined using bioimpedance spectroscopy (BIS) 
thresholds and relative arm volume increase (RAVI). Incidence 
and time free from arm swelling were compared using 
Kaplan-Meier analyses. Hazard ratios (HRs) were estimated 
from Cox regression models for BIS and RAVI thresholds 
independently. In addition, time to documentation of the first 

minimally important difference (MID) in four scales of the 
European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTC QLQ-C30) and the breast 
cancer-specific (BR23) questionnaire was analyzed.
RESULTS: The HR for developing arm swelling in the 
compression group relative to the control group was 0.61 (95% 
CI, 0.43 to 0.85; P = .004) on the basis of BIS and 0.56 (95% CI, 
0.33 to 0.96; P = .034) on the basis of RAVI. The estimated 
cumulative incidence of arm swelling at 1 year was lower in the 
compression group than the control group on the basis of BIS 
(42% v 52%) and RAVI (14% v 25%). HRs for time from baseline to 
the first change of the minimally important difference were 
not statistically significant for any of the four scales of EORTC 
QLQ-30 and BR23 questionnaires.
CONCLUSION: Prophylactic use of compression sleeves 
compared with the control group reduced and delayed the 
occurrence of arm swelling in women at high risk for 
lymphedema in the first year after surgery for breast cancer.
Prospective Surveillance for Breast Cancer–Related Arm 
Lymphedema: A Systematic Review and Meta-Analysis 

Citation: Journal of Clinical Oncology 40, no. 9 (March 20, 
2022) 1009-1026
Author: Bolette S. Rafn
PURPOSE: The call to integrate prospective surveillance for 
lymphedema into cancer care pathways is building 
momentum to enable early intervention and prevent the 
progression of the condition. We offer a critical evaluation of 
the literature on prospective surveillance and early 
management for cancer-related lymphedema and evaluate 
the effect of such programs in preventing chronic 

Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 

Citation: ASCO 2022 Abstract 1016 
Author: Sherry Shen 
BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 
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BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.
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PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 
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BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 
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PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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metastatic breast cancer 
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BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.
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index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
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on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
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METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
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RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
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0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
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the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 
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91.75% compliance among those who did yoga for 6-9mo and 
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CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
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of these co-morbidities prior to alpelisib treatment should be 
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PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
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PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.
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omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
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small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
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better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.
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<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
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were significantly higher in the intervention group than the 
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CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
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on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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Characterization of alpelisib-associated hyperglycemia in 
metastatic breast cancer 
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BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.
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PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 
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Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
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PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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developed grade 3-4 hyperglycemia. Here we describe the 
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in a single center cohort. 
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were included in this retrospective study. Patient and tumor 
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from medical records. Alpelisib dose interruptions, reductions, 
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consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
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25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.
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mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
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primary endpoint in women with operable breast cancer. 
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METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
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with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
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median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
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the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 
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91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
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discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
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prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
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designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 
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BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 
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PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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BACKGROUND: For women with metastatic hormone receptor 
(HR)-positive, human epidermal growth factor 2 
(HER2)-negative breast cancer, the combination of alpelisib 
and fulvestrant improves progression-free survival in those 
with PIK3CA mutations. Hyperglycemia is a major toxicity of 
PI3K inhibitors including alpelisib, which limits the clinical 
efficacy of these drugs due to interrupted/reduced dosing and 
discontinuation. In the SOLAR-1 trial that led to the Food and 
Drug Administration (FDA) approval of alpelisib, over 60% of 
patients developed hyperglycemia of any grade, and over 36% 
developed grade 3-4 hyperglycemia. Here we describe the 
incidence and treatment of alpelisib-associated hyperglycemia 
in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.
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conditions, health care delivery domains, or health service use 
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were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
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in a single center cohort. 
METHODS: Patients with metastatic breast cancer who 
received alpelisib on a clinical trial or as part of standard care 
from 2013-2021 at Memorial Sloan Kettering Cancer Center 
were included in this retrospective study. Patient and tumor 
characteristics and pre-treatment body mass index (BMI), 
hemoglobin A1c, and serum glucose levels were abstracted 
from medical records. Alpelisib dose interruptions, reductions, 
or discontinuation was recorded as well as endocrinology 
consultation and use of anti-hyperglycemic agents. Date of 
progression and/or death were recorded where applicable. 
RESULTS: 247 patients were included in this study, among 
whom 245 (99.1%) were female and 198 (80.1%) were white. 100 

(40.5%) were treated on a clinical trial. Median baseline BMI was 
25.4 kg/m2. Among 164 patients with baseline hemoglobin A1c 
levels available, 93 (56.7%) patients had normal hemoglobin 
A1c, 54 (32.9%) had prediabetes, and 17 (10.4%) had diabetes. 152 
patients (61.5%) developed hyperglycemia of any grade; 56 
(22.7%) developed grade 3 and 16 (6.5%) developed grade 4 
hyperglycemia. The median time to onset of hyperglycemia 
was 16 days. BMI ≥25 kg/m2 or hemoglobin A1c ≥5.7% were 
strongly predictive of development of any-grade 
hyperglycemia (p= 0.036 and p< 0.001, respectively) and grade 
3-4 hyperglycemia (p< 0.001 for both). Among those who 
developed hyperglycemia, 101 (40.9%) received treatment; 69 
patients (27.9%) required only 1 anti-hyperglycemic agent 
whereas 9 (3.6%) required ≥3 anti-hyperglycemic agents. 49 
(19.8%) were referred for endocrinology consult. In 66 patients 
(26.7%), alpelisib was held until resolution of hyperglycemia; 42 
patients (17%) required dose reductions, and 11 (4.5%) 
discontinued alpelisib due to hyperglycemia. There was no 
significant difference in progression-free survival by 
hyperglycemia status or severity of hyperglycemia. 
CONCLUSIONS: Overweight BMI and hemoglobin A1c in the 
prediabetes or diabetes range were strongly predictive of 
developing alpelisib-associated hyperglycemia. Management 
of these co-morbidities prior to alpelisib treatment should be 
strongly considered.

Omega-3 in The Treatment of Mood and Sleep Disorders 
Induced by Hormone Therapy in Women with Breast Cancer: A 
Randomized, Double-Blinded, Placebo-Controlled Clinical Trial 
Citation: https://doi.org/10.21203/rs.3.rs-1055943/v1 
Author: Behzad Nourosi
PURPOSE: This study was performed to investigate the effect of 
omega-3 on the treatment of mood and sleep disorder 
induced by menopausal complications due to hormone 
therapy in patients with breast cancer. 
METHODS: A placebo, double-blind and controlled trial was 
designed in oncology-hematology outpatient’s clinic of Omid 
Hospital, Isfahan, Iran. First, sixty patients were screened by 
hospital anxiety and depression scale (HADS) for any baseline 
mood disorders and then divided into either intervention 
group who had received 2 grams’ omega-3 daily for 4 weeks or 
identical placebo. Then, the patients were considered to assess 
by center for epidemiological studies-depression scale (CES-D), 
profile of mood states (POMS), and Pittsburgh sleep quality 
index (PSQI) questionnaires at the baseline and after 4-week 
follow-up. 
RESULTS: Findings showed that the mean scores of CES-D (P = 
0.002), POMS (P = 0.03), and PSQI (P = 0.04) were significantly 
lower in the intervention group than the control group. In the 
intervention group, mean scores of CES-D (P <0.001), POMS (P 
<0.001), and PSQI (P = 0.003) were significantly lower in 
post-intervention than pre-intervention. Mean changes in 
scores of CES-D (P = 0.01), POMS (P = 0.001), and PSQI (P = 0.02) 
were significantly higher in the intervention group than the 
control group. 

CONCLUSION: Our findings revealed that omega-3 
supplementation have the potential to reduce mood disorders 
as well as to improve sleep quality in terms of subjective sleep 
quality, delay in falling asleep, sleep delay, and sleep 
disturbance in patients with breast cancer.
The role of Yoga as a complementary therapy in women 
undergoing treatment for breast cancer: A randomized 
controlled trial 

Citation: SABCS Abstract PD8-04 
Author: Nair N.S 
BACKGROUND: Yoga has been tested in multiple 
small-randomized studies for its impact on quality of life (QOL) 
on breast cancer (BC). We conducted a randomized controlled 
trial, to study the effect of yoga on disease free survival as the 
primary endpoint in women with operable breast cancer. 
(NCT02161900).
METHODS: Women with non-metastatic BC during and after 
standard treatment, were randomized to yoga and 
conventional exercise(YCE) versus conventional exercise 
only(CE). The primary endpoint was disease free survival (DFS) 
with secondary endpoints of overall survival (OS) and QOL, 
which was assessed using the EORTC QLQC30, BR23, Brief 
fatigue inventory (BFI), Visual pain scores (VPS) and a 
spirituality questionnaire (SQ). EORTC QLQ was assessed at 
baseline (BL), 6-9 months (mo), 18-21 mo. BFI and VPS at BL, 6-8 
mo and 12-15 mo and SQ at BL and 12-15 mo. We report the final 
analysis of DFS, OS and QOL in 850 women randomized to the 
study. The groups were balanced for clinic-pathologic factors in 
both arms.

RESULTS: Of the 850 women randomized on the study, 426 
were on YCE arm and 424 on CE arm. The median age was 47 
versus (vs) 48 years, median pT size was 3 vs 2.85cm, grade 3 
tumors were 82.7 vs 82.1%, hormone receptor positive was in 
69% vs 69.4% and HER2neu positive was in 14.4 vs13.7% in YCE 
and CE arms respectively. At a median follow-up of 80 months 
the disease fee survival was 80% vs 76.7% (HR= 0.85, 95% CI= 
0.64 – 1.14, p=0.28), and overall survival was 85.4% vs 83.1% (HR= 
0.86, 95%CI = 0.61 – 1.21, p=0.38) in YCE and CE respectively. 
Physical(p=0.043) and emotional function (0.017), fatigue 
(p=0.002), pain (p=0.031), appetite loss ( < 0.001) arm symptoms 
(0.035) and systemic therapy side effects (0.036) reduced at 
6-9mo in YCE, with sustained improvements in physical 
(p=0.036) and emotional function (p=0.008) at 54mo. The 
median score of fatigue after adjuvant therapy measured by 
QLQ C30 was lower in YCE compared to CE (11.11vs 22.22, p = 
0.002). Similarly, in BFI the baseline median scores of severity of 
fatigue were 5 in YCE and 6 in CE which reduced to 3 at one 
year in both groups. A further reduction to 0 was observed in 
the YCE arm at 2 years and then sustained till 4 years compared 
to the median score of fatigue in CE which stayed at 3. (p=0.04, 
0.03 2 and 4 years respectively). In VPS the number of patients 
experiencing severe pain in YCE group were less than CE group 
with specific reduction noted in pain over the breast/ chest wall 
(p=0.018 at 24mo). Lastly SQ assessed spirituality and showed 
no difference, but less deterioration compared to baseline 
scores were noted in YCE. Fifty-three percent women on YCE 
showed an improvement in QOL from baseline compared to 
47% in CE, however the global score of QOL did not differ 
significantly between the two arms. This cohort had overall 

compliance of 61% to yoga and physiotherapy in YCE with 
91.75% compliance among those who did yoga for 6-9mo and 
85% to physiotherapy alone in CE.
CONCLUSIONS: Yoga resulted in a 15% relative improvement in 
DFS and 14% in OS, that did not reach statistical significance in 
this trial. Yoga is a low-risk, low-cost therapy that improves 
day-to-day activity, including pain, fatigue and quality of life in 
women with breast cancer.This is the first study where the long 
term benefits in quality of life have been noted with the 
addition of yoga for women undergoing treatment for breast 
cancer.
Mapping Systematic Reviews of Breast Cancer Survivorship 
Interventions: A Network Analysis 

Citation: J Clin Oncol. 2022 Jul 1;40(19):2083-2093 
Author: Emma B Kemp
PURPOSE: Despite a large volume of research, breast cancer 
survivors continue to experience high levels of unmet need. To 
better understand the breadth of evidence, we mapped 
systematic review-level evidence across cancer survivorship 
domains and outcomes and conducted network analyses of 
breast cancer survivorship care interventions.
METHODS: Umbrella review methodology was used to identify 
published systematic reviews reporting on survivorship care 
interventions for breast cancer survivors. Included reviews 
were mapped against domains and health care outcomes as 
specified by the Cancer Survivorship Quality Framework, and 
network analyses were conducted to determine the extent of 
clustering of reviews, and connectivity across domains and 
outcomes.

RESULTS: Of 323 included reviews, most focused on 
management of physical (71.5%) or psychologic (65.3%) effects, 
health-related quality of life (55.1%), and physical activity 
(45.2%). Few focused on financial/employment effects, chronic 
conditions, health care delivery domains, or health service use 
or cost outcomes. Network analysis indicated 38.6% of reviews 
were connected to a single domain, 35.0% to two domains, and 
16.5% to three domains, indicating a relatively siloed nature of 
research, with greater community clustering between health 
care delivery domains but limited connection between these 
and the other domains. Reviews published between 2011 and 
2021 were more likely to examine financial toxicity and chronic 
conditions, but these domains remained under-represented 
compared with physical and psychologic effects.
CONCLUSION: Despite vast volume of breast cancer 
survivorship intervention research, systematic review-level 
research is unevenly distributed, siloed, and with significant 
gaps in key domains and outcomes. Assessment of evidence 
gaps in primary research and strategic planning of future 
research, in consultation with survivors, is needed.
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Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
Author: Mattea Reinisch
BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes

Citation: SABCS: GS1-09 
Author: Johnston S
PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
Author: Josephine M N Lopes Cardozo
PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial

Citation: SABCS||GS5-10 
Author: Liefers G-J
BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

ER-POSITIVE BREAST CANCER Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
Author: Sparano J
BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
Author: Mattea Reinisch
BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes

Citation: SABCS: GS1-09 
Author: Johnston S
PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
Author: Josephine M N Lopes Cardozo
PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial

Citation: SABCS||GS5-10 
Author: Liefers G-J
BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

ER-POSITIVE BREAST CANCER Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
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BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes

Citation: SABCS: GS1-09 
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PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
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PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial
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BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
Author: Sparano J
BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
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PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
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BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes
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PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial
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PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
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PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial
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BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
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Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
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PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer
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PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study
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BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
Author: Sparano J
BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
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BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes
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PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
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PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial
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BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
Author: Mattea Reinisch
BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes

Citation: SABCS: GS1-09 
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PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
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PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial
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BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
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BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes
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PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
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PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial
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BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study
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BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
Author: Mattea Reinisch
BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes

Citation: SABCS: GS1-09 
Author: Johnston S
PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
Author: Josephine M N Lopes Cardozo
PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial

Citation: SABCS||GS5-10 
Author: Liefers G-J
BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
Author: Mattea Reinisch
BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes

Citation: SABCS: GS1-09 
Author: Johnston S
PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
Author: Josephine M N Lopes Cardozo
PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial

Citation: SABCS||GS5-10 
Author: Liefers G-J
BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
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PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
Author: Mattea Reinisch
BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes

Citation: SABCS: GS1-09 
Author: Johnston S
PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
Author: Josephine M N Lopes Cardozo
PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial

Citation: SABCS||GS5-10 
Author: Liefers G-J
BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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Author: Early Breast Cancer Trialists' Collaborative Group 
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
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PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1
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BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes
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PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial
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PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer
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PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial
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BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
Author: Michael Gnant
BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
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BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes
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PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
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PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial

Citation: SABCS||GS5-10 
Author: Liefers G-J
BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
Author: Sparano J
BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
Author: Hart
BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
Author: Mattea Reinisch
BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes

Citation: SABCS: GS1-09 
Author: Johnston S
PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
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PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial

Citation: SABCS||GS5-10 
Author: Liefers G-J
BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
Author: Hart
BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
Author: Mattea Reinisch
BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes

Citation: SABCS: GS1-09 
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PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
Author: Josephine M N Lopes Cardozo
PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial

Citation: SABCS||GS5-10 
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BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study
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 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
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BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes

Citation: SABCS: GS1-09 
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PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
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PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial
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BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1

Citation: ESMO Breast Cancer Congress 59MO
Author: Mattea Reinisch
BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes

Citation: SABCS: GS1-09 
Author: Johnston S
PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial

Citation: J Clin Oncol. 2022 Apr   20;40(12):1335-1345
Author: Josephine M N Lopes Cardozo
PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
Author: Ulrike A Nitz
PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial

Citation: SABCS||GS5-10 
Author: Liefers G-J
BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
Author: Michael Gnant
BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
Author: Etienne Brain]
BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
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PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Adjuvant Palbociclib for Early Breast Cancer:  The PALLAS Trial 
Results                           

(ABCSG-42/AFT-05/BIG-14-03)  
Citation: J Clin Oncol. 2022 Jan 20;40(3):282-293                                                                                                      
Author: Michael Gnant
PURPOSE: Palbociclib is a cyclin-dependent kinase 4 and 6 
inhibitor approved for advanced breast cancer. In the adjuvant 
setting, the potential value of adding palbociclib to endocrine 
therapy for hormone receptor–positive breast cancer has not 
been confirmed.
PATIENTS AND METHODS: In the prospective, randomized, 
phase III PALLAS trial, patients with hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative early breast cancer were randomly assigned to 
receive 2 years of palbociclib (125 mg orally once daily, days 1-21 
of a 28-day cycle) with adjuvant endocrine therapy or adjuvant 
endocrine therapy alone (for at least 5 years). The primary end 
point of the study was invasive disease-free survival (iDFS); 
secondary end points were invasive breast cancer–free survival, 
distant recurrence-free survival, locoregional cancer-free 
survival, and overall survival.
RESULTS: Among 5,796 patients enrolled at 406 centers in 21 
countries worldwide over 3 years, 5,761 were included in the 
intention-to-treat population. At the final protocol-defined 
analysis, at a median follow-up of 31 months, iDFS events 
occurred in 253 of 2,884 (8.8%) patients who received 
palbociclib plus endocrine therapy and in 263 of 2,877 (9.1%) 

patients who received endocrine therapy alone, with similar 
results between the two treatment groups (iDFS at 4 years: 
84.2% v 84.5%; hazard ratio, 0.96; CI, 0.81 to 1.14; P 5 .65). No 
significant differences were observed for secondary 
time-to-event end points, and subgroup analyses did not show 
any differences by subgroup. There were no new safety signals 
for palbociclib in this trial.
CONCLUSION: At this final analysis of the PALLAS trial, the 
addition of adjuvant palbociclib to standard endocrine therapy 
did not improve outcomes over endocrine therapy alone in 
patients with early hormone receptor–positive breast cancer.
Adjuvant Abemaciclib Combined with  Endocrine Therapy (ET): 
Efficacy Results in  monarchE Cohort 1
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BACKGROUND:  Abemaciclib (oral CDK4 & 6 inhibitor) plus ET 
as adjuvant treatment for HR+, HER2- high risk early breast 
cancer (EBC), previously demonstrated robust benefit with an 
acceptable safety profile in the monarchE trial. Here we 
present efficacy data in a monarchE patient population 
(Cohort 1) which has a high risk of recurrence, can easily be 
identified in clinical practice, and recently received regulatory 
approval.
METHODS: monarchE, a global, phase 3 trial, randomly 
assigned (1:1) 5637 patients to receive ET +/- adjuvant 
abemaciclib into 2 cohorts. Cohort 1 (C1) enrolled 5120 patients 
with either ≥4 positive axillary lymph nodes (pALN), or 1-3 pALN 
plus additional high risk features of Grade 3 disease and/or 

tumor ≥5 cm. Cohort 2 enrolled 517 patients, was previously 
described, and data are immature.
RESULTS: With 28 months median follow-up in C1 (data cut off 
April 2021), the 17% risk of recurrence at 3Y in the ET alone arm 
confirms the high risk nature of this patient population. 
Abemaciclib+ET demonstrated a clinically meaningful benefit 
in reducing the risk of developing an IDFS event by 32% 
(absolute benefit of 5.7% at 3Y) and a DFRS event by 33% (4.5% 
absolute benefit at 3Y)(Table). Within C1, consistent treatment 
benefit in IDFS and DRFS was seen in subgroups of patient and 
disease characteristics. Safety analyses, conducted on the 
entire safety population, were consistent with the known 
profile of abemaciclib.
Treatment With Adjuvant Abemaciclib Plus  Endocrine Therapy 
in Patients With High-risk  Early Breast Cancer Who Received 
Neoadjuvant  Chemotherapy A Prespecified Analysis of the  
monarchE Randomized Clinical Trial                                                                                      
Citation: JAMA Oncol. 2022;8(8):1190-1194                                                                                                                  
Author: Miguel Martin
IMPORTANCE: Patients selected to receive neoadjuvant 
chemotherapy (NAC) are usually those at higher risk of relapse, 
and there is a need to find better therapeutic options for these 
patients.
OBJECTIVE:  To determine the efficacy and safety outcomes for 
patients with hormone receptor (HR)–positive, ERBB2 
(formerly HER2)–, high-risk early breast cancer enrolled in the 
randomized clinical trial monarchE who received NAC.
DESIGN, SETTING, AND PARTICIPANTS: The monarchE 
randomized clinical trialwas a multicenter, phase 3, open-label 

corresponded with an absolute improvement of 6.6%in 2-year 
IDFS rates and 6.7%in 2-year DRFS rates. A consistent 
treatment benefit was observed across subgroups of 
pathological breast tumor size or number of positive lymph 
nodes at surgery.
CONCLUSIONS AND RELEVANCE: In the randomized clinical 
trial monarchE, treatment with adjuvant abemaciclib 
combined with ET demonstrated a clinically meaningful 
improvement in IDFS and DRFS for patients with HR+, ERBB2−, 
node-positive, high-risk early breast cancer who received NAC 
before trial enrollment.
Abemaciclib plus endocrine therapy for HR+,  HER2-, 
node-positive, high-risk early breast  cancer: Results from a 
pre-planned monarchE  overall survival interim analysis, 
including 4-year  efficacy outcomes
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PURPOSE: Many patients with HR+, HER2- early breast cancer 
(EBC) will not experience recurrence or have distant recurrence 
with currently available standard therapies. However, up to 
30% of patients with high-risk clinical and/or pathologic 
features may experience distant recurrence, many in the first 
few years. Superior treatment options are needed to prevent 
early recurrence and development of metastases for this group 
of patients. Abemaciclib is an oral, continuously dosed, CDK4/6 
inhibitor approved for HR+, HER2- advanced breast cancer 
(ABC). Efficacy and safety of abemaciclib in ABC supported 
evaluation in the adjuvant setting.

METHODS: This open-label, phase III study included patients 
with HR+, HER2-, high-risk EBC, who had surgery and, as 
indicated, radiotherapy and/or adjuvant/neoadjuvant 
chemotherapy. Patients with four or more positive nodes, or 
one to three nodes and either tumor size ≥ 5 cm, histologic 
grade 3, or central Ki-67 ≥ 20%, were eligible and randomly 
assigned (1:1) to standard-of-care adjuvant endocrine therapy 
(ET) with or without abemaciclib (150 mg twice daily for 2 
years). The primary end point was invasive disease-free survival 
(IDFS), and secondary end points included distant relapse-free 
survival, overall survival, and safety.
RESULTS: At a preplanned efficacy interim analysis, among 
5,637 randomly assigned patients, 323 IDFS events were 
observed in the intent-to-treat population. Abemaciclib plus ET 
demonstrated superior IDFS versus ET alone (P = .01; hazard 
ratio, 0.75; 95% CI, 0.60 to 0.93), with 2-year IDFS rates of 92.2% 
versus 88.7%, respectively. Safety data were consistent with the 
known safety profile of abemaciclib.
CONCLUSION:  Abemaciclib when combined with ET is the first 
CDK4/6 inhibitor to demonstrate a significant improvement in 
IDFS in patients with HR+, HER2- node-positive EBC at high 
risk of early recurrence.
Outcome of Patients With an Ultralow-Risk  70-Gene Signature 
in the MINDACT Trial
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PURPOSE: Patients with 70-gene signature ultralow-risk breast 
cancers have shown excellent survival in historic cohorts, 
including randomized trials. The ultralow-risk subgroup was 

characterized to help avoid overtreatment. We evaluated 
outcomes of ultralow-risk patients in the largest cohort to date.
METHODS: Of the 6,693 patients enrolled in the 
EORTC-10041/BIG-3-04 randomized phase III MINDACT trial, 
profiling revealed an ultralow-risk 70-gene signature in 1,000 
patients (15%). Distant metastasis-free interval (DMFI) and 
breast cancer–specific survival (BCSS) were assessed in 
patients stratified by 70-gene signature result (high, low, and 
ultralow) by Kaplan-Meier analysis and hazard ratios with 95% 
CI from Cox regression.
RESULTS: Median follow-up was 8.7 years. Of the ultralow-risk 
patients (n 5 1,000), 67% were . 50 years, 81% had tumors # 2 cm, 
80% were lymph node–negative, 96% had grade 1 or 2 tumors, 
and 99% were estrogen receptor (ER)-positive. Systemic 
therapy was received by 84% of patients (69% endocrine 
therapy, 14% endocrine therapy plus chemotherapy, 1% other) 
and 16% received no adjuvant systemic treatment. The 8-year 
DMFI for ultralow-risk patients was 97.0% (95% CI, 95.8 to 98.1), 
which was 2.5% higher than for patients with low-risk tumors 
(n53,295, 94.5% [95% CI, 93.6 to 95.3]). The hazard ratio for DMFI 
was 0.65 (95% CI, 0.45 to 0.94) for ultralow versus low risk, after 
adjusting for clinical-pathologic and treatment characteristics. 
The 8-year BCSS for ultralow-risk patients was 99.6% (95% CI, 
99.1 to 100).
CONCLUSION: Patients with an ultralow-risk 70-gene signature 
have the best prognosis, distinctive from low risk, with 8-year 
BCSS above 99%, and very few patients developed distant 
metastases with an 8-year DMFI rate of 97%. These patients 
could be candidates for further de-escalation of treatment, to 
avoid overtreatment and the risk of side effects.

Endocrine Therapy Response and 21-Gene  Expression Assay for 
Therapy Guidance in  HR+/HER2- Early Breast Cancer

Citation: J Clin Oncol. 2022 Aug  10;40(23):2557-2567
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PURPOSE: To our knowledge, WSG-ADAPT-HR1/HER2– 
(ClinicalTrials.gov identifier: NCT01779206; n 5 5,625
registered) is the first trial combining the 21-gene expression 
assay (recurrence score [RS]) and response to 3-
week preoperative endocrine therapy (ET) to guide systemic 
therapy in early breast cancer.
MATERIALS AND METHODS: Baseline and postendocrine Ki67 
(Ki67post) were evaluated centrally. In the endocrine trial, all 
patients received exclusively ET: patients with pathologic 
regional lymph node status (pN) 0-1 (ie, 0-3 involved lymph 
nodes) entered control arm if RS # 11 and experimental arm if 
RS12-25 with ET response (Ki67post # 10%). All other patients 
(including N0-1 RS12-25 without ET response) received 
dosedense chemotherapy (CT) followed by ET in the CT trial. 
Primary end point of the endocrine trial was noninferiority of 
5-year invasive disease-free survival (5y-iDFS) in experimental 
(v control) arm; secondary end points included distant DFS, 
overall survival, and translational research.
RESULTS: Intention-to-treat population comprised 2,290 
patients (n 5 1,422 experimental v n 5 868 control): 26.3% versus 
34.6% premenopausal and 27.4% versus 24.0% pN1. One-sided 
95% lower confidence limit of the 5y-iDFS difference was –3.3%, 
establishing prespecified noninferiority (P 5 .05). 5y-iDFS was 
92.6% (95% CI, 90.8 to 94.0) in experimental versus 93.9% (95% 

CI, 91.8 to 95.4) in control arm; 5-year distant DFS was 95.6% 
versus 96.3%, and 5-year overall survival 97.3% versus 98.0%, 
respectively. Differences were similar in age and nodal 
subgroups. In N0-1 RS12-25, outcome of ET responders (ET 
alone) was comparable with that of ET nonresponders (CT) for 
age . 50 years and superior for age # 50 years. ET response was 
more likely with aromatase inhibitors (mostly 
postmenopausal) than with tamoxifen (mostly 
premenopausal): 78.1% versus 41.1% (P , .001). ET response was 
78.8% in RS0-11, 62.2% in RS12-25, and 32.7% in RS . 25 (n 5 4,203, 
P , .001).
CONCLUSION: WSG-ADAPT-HR1/HER2– demonstrates that 
guiding systemic treatment by both RS and ET response is 
feasible in clinical routine and spares CT in pre- and 
postmenopausal patients with # 3 involved lymph nodes.
GS5-10 Utility of the 70-gene MammaPrint test  for prediction of 
extended endocrine therapy  benefit in patients with 
early-stage breast  cancer in the IDEAL Trial
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BACKGROUND: The IDEAL trial showed no significant benefit 
of 5 years extended endocrine therapy (EET) using letrozole in 
postmenopausal patients with hormone receptor positive 
(HR+) breast cancer (BC) versus 2.5 years. Genomic classifiers 
may assist with treatment decisions by predicting EET benefit. 
The 70-gene MammaPrint (MP) test classifies tumors as having 
a higher or lower risk of distant metastasis in HR+ early-stage 
BC. A MP lower risk result can be further classified as either 
Ultra-Low risk or Low risk of distant metastasis. In the NSABP 

B42 trial, MP predicted a statistically significant absolute 
benefit from EET in patients with a MP Low Risk result. Here, 
we aimed to determine the utility of MP in identifying a 
subgroup of patients enrolled in the IDEAL trial for which 5 
years of EET is beneficial compared to 2.5 years.
METHODS: A total of 869 patients had available primary tumor 
tissue for testing. MP results were available for 545/869 
patients, of which 515 did not have an event at 2.5 year after 
randomization and were used for our analyses. The MP result 
for each patient was calculated by Agendia while blinded to 
patient clinical outcomes. The primary endpoint was distant 
recurrence (DR). Secondary endpoints were recurrence free 
interval (RFI) and breast cancer free interval (BCFI) as defined 
by STEEP criteria. Patients were classified as higher risk (score 
-1.000 - 0) or lower risk (score 0.001 - 1.000). Lower risk tumors 
were further classified as either MP Ultra-Low (score > 0.355) or 
MP Low Risk (score ≥ 0.001, ≤ 0.355). Likelihood ratio test based 
on stratified Cox proportional hazards (PH) model were used to 
evaluate treatment by risk group interaction. Differences in 
endpoints between treatment groups were assessed by 
stratified log-rank tests. Hazard ratios (HR) and 95% 
Confidence Intervals (CI) were computed based on the 
stratified Cox PH model.
RESULTS: The clinical characteristics of the 515 IDEAL samples 
with a MP result were comparable to the whole IDEAL cohort 
(n=1820). Within the 2.5 year EET group, 50.6% (n=134) were MP 
higher risk and 49.4% (n=131) MP lower risk, of which 14.5% 
(n=19/131) were MP Ultra-Low. Within the 5 year EET group, 
50.0% (n=125) were MP higher risk and 50.0% (n=125) MP lower 
risk, of which 11.2% (n=14/125) were MP Ultra-Low. Among 

patients with MP lower risk tumors, 5 years vs. 2.5 years of EET 
resulted in a significant absolute benefit of 9.8% for DR 
(HR=0.42, [95% CI 0.174-0.996]), 9.8% for RFI (HR=0.43, [95% CI 
0.198-0.934]), and 8.8% (HR=0.53, [95% CI 0.264-1.055]) for BCFI, 
whereas patients with MP higher risk tumors did not derive 
significant benefit (Table 1). Within the MP lower risk group, 5 
year vs 2.5 year EET benefit was more pronounced in MP Low 
tumors, which exhibited a significant benefit of 10.1% for DR 
(HR=0.32, [95% CI 0.116-0.866]), 11.7% for RFI (HR=0.35, [95% CI 
0.147-0.824]), and 9.7% for BCFI (HR=0.48, [95% CI 0.225-1.015]); 
MP Ultra Low tumors did not derive significant benefit. 
Treatment-by-risk group interaction was statistically 
significant for RFI.
CONCLUSION: A significant EET benefit was observed for 
MammaPrint lower risk tumors but not for MP higher risk 
tumors. MammaPrint Low tumors exhibited the largest 
absolute benefit of 5 years of EET compared to 2.5 years. 
Consistent with the findings in the NSABP B42 trial, the results 
from this second randomized trial provide clinically 
meaningful implications in patient selection for extended 
endocrine therapy.
 

 

 

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

study that evaluated adjuvant treatment with abemaciclib 
plus endocrine therapy (ET) compared with ET alone in 
patients with HR+, ERBB2–, and node-positive early breast 
cancer who were at high risk of recurrence. Patients were 
recruited between July 2017 and August 2019 from 603 sites in 
38 countries. This subgroup analysis was performed with 
primary outcome data, with a cutoff date of July 8, 2020.
INTERVENTION: Enrolled patients were randomized (1:1) to 
receive standard of care ET for at least 5 years with or without 
treatment with abemaciclib (150mg, twice daily) for 2 years 
(treatment period) or until criteria were met for 
discontinuation.  
MAIN OUTCOMES AND MEASURES: Prior chemotherapy (NAC 
vs adjuvant vs none)was a stratification factor in monarchE, 
and and a prespecified exploratory analysis included outcomes 
in patients who received NAC. The data presented in this article 
are from the primary outcome analysis (395 invasive 
disease-free survival [IDFS] events; cutoff date, July 8, 2020; 
median follow-up 19 months [IQR, 15.6-23.9 months]). Invasive 
disease-free survival (the primary end point of monarchE) and 
distant relapse-free survival (DRFS) were evaluated using the 
Cox proportional hazard model and Kaplan-Meier method.
RESULTS:  Of the 5637 patients (mean [SD] age, 49.9 [10.6] years; 
2046 women [99.5%]; 462 Asian [22.8%], 54 Black [2.7%], and 
1473 White participants [70.8%]) enrolled in monarchE, 2056 
(37%) received treatment with NAC. In this subgroup, 
treatment with abemaciclib and ET demonstrated clinically 
meaningful benefit in IDFS (hazard ratio, 0.61; 95%CI, 0.47-0.80) 
and DRFS (hazard ratio, 0.61; 95%CI, 0.46-0.81), which 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study
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 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
Author: Etienne Brain]
BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
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PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer
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PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study
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BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
Author: Sparano J
BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
Author: Etienne Brain]
BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
Author: Michael Gnant
BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
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PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
Author: Michael Gnant
BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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Author: Sparano J
BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
Author: Etienne Brain]
BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
Author: Sparano J
BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
Author: Hart
BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
Author: Etienne Brain]
BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
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Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer
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PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

222222



Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
Author: Hart
BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

223223



Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
Author: Etienne Brain]
BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
Author: Etienne Brain]
BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
Author: Etienne Brain]
BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
Author: Sparano J
BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
Author: Michael Gnant
BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study
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BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

237237



Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
Author: Michael Gnant
BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
Author: Hart
BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
Author: Etienne Brain]
BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
Author: Sparano J
BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
Author: Hope S. Rugo
BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
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(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

242242



Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
Author: Etienne Brain]
BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
Author: Hart
BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2

Citation: ASCO 2022 Poster 1017 
Author: Hart
BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial

Citation: ASCO 2022 Abstract 507
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study
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 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer

Citation: SABCS : GS3-06
Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial

Citation: GS1-06
Author: O'Regan R
BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer
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PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
Author: Etienne Brain]
BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
Author: Thibault de La Motte Rouge
BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial
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BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer
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IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
Author: Sparano J
BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
Author: Jasper J L van Geel
PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial

Citation: ESMO Congress 133O
Author: V.C.G. Tjan-Heijnen
BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial

Citation: J Clin Oncol. 2022 Dec  10;40(35):4071-4082
Author: Annelie Johansson
PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial

Citation: ASCO 2022 Abstract 506
Author: Soo Yeon Baek
BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial

Citation: ESMO Breast Cancer Congress 167 MO
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials

Citation: Lancet Oncol. 2022 Mar;23(3):382-392 
Author: Early Breast Cancer Trialists' Collaborative Group 
(EBCTCG)
BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
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BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
Author: Meredith M. Regan
BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
Author: Andrea De Censi
BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
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BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer
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BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).
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Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial
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BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2

Citation: ASCO 2022 LBA1003
Author: Richard S. Finn

BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3

Citation: ESMO Breast Cancer Congress LBA15 
Author: Matthew Goetz
BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
Author: Hortobagyi Gabriel N
BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy

Citation: SABCS: GS1-10
Author: Lu Y-S
BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.

Citation: The Lancet. Oncology, 29 Sep 2022, 23(11):1367-1377
Author: Bidard FC

BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer
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BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis
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BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patients have had a DFS event reported 
and at 3 years, DFS did not differ between patients who 
received ET plus everolimus (88% [95% CI, 85 to 91]) or ET plus 
placebo (89% [95% CI, 86 to 91; hazard ratio, 0.95; 95% CI, 0.69 to 
1.32; P 5 .77]). Grade $ 3 adverse events were reported in 22.9% of 
patients (29.9% with everolimus v 15.9% with placebo, P , .001). 
53.4% everolimus-treated patients permanently discontinued 
experimental treatment early compared with placebo-treated 
22.3%.
CONCLUSION: Among high-risk patients, everolimus added to 
adjuvant ET did not improve DFS. Tolerability was a concern, 
with more than half of patients stopping everolimus before 
study completion. Everolimus cannot be recommended in the 
adjuvant setting.
Adjuvant abemaciclib combined with endocrine  therapy for 
high-risk early breast cancer: Safety  and patient-reported 
outcomes from the  monarchE study

Citation: Ann Oncol. 2022 Jun;33(6):616-627
 Author: H S Rugo
BACKGROUND: In monarchE, abemaciclib plus endocrine 
therapy (ET) as djuvant treatment of hormone receptorpositive, 
human epidermal growth factor 2-negative, high-risk, early 
breast cancer (EBC) demonstrated a clinically meaningful 
improvement in invasive disease-free survival versus ET alone. 
Detailed safety analyses conducted at a median follow-up of 27 
months and key patient-reported outcomes (PROs) are 
presented. Patients and methods: The safety population 
included all patients who received at least one dose of study 

treatment (n ¼ 5591). Safety analyses included incidence, 
management, and outcomes of common and clinically 
relevant adverse events (AEs). Patient-reported health-related 
quality of life, ET symptoms, fatigue, and side-effect burden 
were assessed. 
RESULTS: The addition of abemaciclib to ET resulted in higher 
incidence of grade _3 AEs (49.7% versus 16.3% with ET alone), 
predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] 
without clinical complications. Abemaciclibtreated patients 
experienced more serious AEs (15.2% versus 8.8%). 
Discontinuation of abemaciclib and/or ET due to AEs occurred 
in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs 
were managed with comedications (e.g. antidiarrheals), 
abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). 
Diarrhea was generally low grade (grade 1/2: 76%); grade 2/3 
events were highest in the first month (20.5%), most were 
short-lived (_7 days) and did not recur. Venous 
thromboembolic events (VTEs) were higher with abemaciclib þ 
ET (2.5%) versus ET (0.6%); in the abemaciclib arm, increased 
VTE risk was observed with tamoxifen versus aromatase 
inhibitors (4.3% versus 1.8%). PROs were similar between arms, 
including being ‘bothered by side-effects of treatment’, except 
for diarrhea. At _3 months, most patients reporting diarrhea 
reported ‘a little bit’ or ‘somewhat’.
CONCLUSIONS: In patients with high-risk EBC, adjuvant 
abemaciclib þ ET has an acceptable safety profile and 
tolerability is supported by PRO findings. Most AEs were 
reversible and manageable with comedications and/or dose 
modifications, consistent with the known abemaciclib toxicity 
profile.

KEY WORDS: abemaciclib, early breast cancer, HER2 negative, 
HR positive, monarchE, safety
Historical early treatment effects of adjuvant  endocrine therapy 
for breast cancer in high-risk  subgroups: Reanalysis of BIG 1-98, 
SOFT and  TEXT

Citation: ASCO 2022 Abstract 508
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BACKGROUND: Clinical trials testing adjuvant endocrine 
therapy (ET) have not historically limited enrollment to patients 
with clinically high-risk breast cancer (BC), nor estimated 
treatment (trt) effects prior to 5 yrs. In light of recent trial results 
for adjuvant CDK4/6 inhibitors, we estimated early relative and 
absolute trt effects of aromatase inhibitor (AI) vs tamoxifen (T), 
with ovarian suppression (OFS) if premenopausal, in high risk 
subgroups. 
METHODS: From pts enrolled in adjuvant phase 3 randomized 
clinical trials BIG 1-98 (postmenopausal, 5yr AI v T), TEXT (5yr 
AI+OFS v T+OFS) and SOFT (5yr AI+OFS v T+OFS v T), we 
identified subgroups with HR+/HER2- BC and high risk 
features (≥4 pLN; or 1-3 pLN with grade 3, pT≥5 cm and/or Ki-67
≥20% [retrospectively centrally assessed]). TEXT randomized at 
start of adjuvant trt; BIG 1-98 and SOFT after chemotherapy. 
Disease-free survival (DFS) was defined from randomization to 
invasive recurrence at local, regional, distant or contralateral 
breast, second non-breast malignancy or death. We estimated 
trt effects as differences in 2, 3 and 5yr DFS Kaplan-Meier 
estimates (KM diffs at t yrs) and hazard ratios over time 
intervals of 0-2, 0-3 and 0-5 yrs (HRs over 0 to t yrs) to 
approximate the maturity of trial results with increasing 
follow-up. 

RESULTS: The high-risk HR+/HER2- subgroups were 695/4922, 
707/2660 and 526/3047 pts in BIG 1-98, TEXT and SOFT with 202, 
122, 142 DFS events observed by 5 yrs since randomization. 60%, 
46% and 44% of pts had ≥4 pLNs; 42%, 90% and 92% had 
chemotherapy. The table summarizes results. 
CONCLUSIONS: In re-analysis of clinical high risk HR+/HER2- 
subgroups of 3 trials each 700 pts, 5 yrs AI vs T had similar 
magnitude of early trt effects after 2-3 yrs follow-up of all pts vs 
trt effects observed after 27 mos median follow-up in 
monarchE trial (HR=0.70; KM diffs 2.7% at 2 yrs, 5.4% at 3 yrs; 
n=5637). Relative and absolute trt effects sometimes 
diminished when estimated over 5 yrs rather than over 2 yrs, 
but meaningful absolute differences remained at 5 yrs in 
contrast to Penelope-B trial results. Design and interpretation 
of high risk HR+/HER2- early BC trials may depend on timing of 
randomization and selection of backbone adjuvant trts; 
follow-up >5 yrs must remain standard.
A randomized presurgical trial of alternative  dosing of 
exemestane in postmenopausal  women with early-stage 
ER-positive breast  cancer

Citation: ASCO 2022 Abstract 519
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BACKGROUND: Successful therapeutic cancer prevention 
requires definition of the minimal effective dose of the 
proposed agent. Aromatase inhibitors substantially decreased 
breast cancer incidence in high risk postmenopausal women 
in phase III trials but their clinical use in prevention and 
adherence in adjuvant setting is limited by adverse events. We 
conducted a randomized presurgical phase IIb trial to evaluate 
two alternative doses of exemestane.

METHODS: We conducted a multi-center, pre-surgical, 
double-blind, 3-arm, non-inferiority phase IIb study in 
postmenopausal women with histologically confirmed 
estrogen receptor (ER)-positive breast cancer. Patients were 
randomized to receive either exemestane 25 mg/day (QD), or 
25 mg/three times/week (TIW), or 25 mg once a week (QW) for 
4-6 weeks before surgery. Blood and tissue biomarkers were 
collected at baseline and final visit. The primary aim was a 
non-inferiority percent change of circulating estradiol relative 
to the standard dose. Secondary endpoints were the change in 
Ki-67 and PgR expression in cancer tissue, blood sex hormones, 
lipid profile, toxicity and menopausal symptoms. For the power 
calculation we assumed a non-inferiority difference of 6% in the 
percentage change of estradiol among arms, using a 
one-sided, two-sample t-test. Assuming a 10% drop-out rate, a 
total sample size of 180 participants (60 per arm) had 80% 
power to detect a 6% margin of equivalence. The significance 
level for the main endpoint was 0.025 to account for multiple 
comparisons and 0.05 for secondary endpoints. 
RESULTS: A total of 230 women were screened, 180 agreed to 
participate and 173 were evaluable for response. The median 
percent change of estradiol was -98%, -98%, and -70% for 
exemestane QD (n = 56), TIW (n = 57), and QW (n = 60), 
respectively, showing no significant difference between QD 
and TIW arms (p = 0.9). Similarly, no differences were observed 
for estrone, total estrone and estrone sulfate between QD and 
TIW arms. The QW arm showed some modulation in all 
hormones, even though less significantly so. Among the 
secondary endpoints, Ki-67 and PgR were reduced in all arms, 
with a median change of -5% vs -7.5% for Ki-67(p = 0.124), and -9 

vs -17 for PgR (p = 0.246) in the TIW vs QD arms, respectively. 
SHBG and HDL-cholesterol had a more favorable profile with 
the TIW dose compared to the daily dose. Adverse events, 
measured according to the CTCAE (v4), and menopausal 
symptoms according to MENQOL were similar in all arms, but 
the short treatment time may not be representative. 
CONCLUSIONS: Exemestane 25 mg TIW retains a comparable 
activity than 25 mg QD. This activity was similar in both arms 
throughout the primary and the main secondary endpoints. 
This new schedule should be further assessed in prevention 
studies and in women on adjuvant treatment who do not 
tolerate the daily dose.
A randomized phase III, double-blinded,  placebo-controlled 
trial of aspirin as adjuvant  therapy for breast cancer (A011502): 
The Aspirin  after Breast Cancer (ABC) Trial

Citation: ASCO 360922 Journal of Clinical Oncology 40, no. 
36_suppl   (October 20, 2022) 360922-360922
Author: Wendy Y. Chen
BACKGROUND: In-vitro and in-vivo evidence suggests that 
aspirin may have an anti-tumor effect. Multiple epidemiologic 
studies have reported improved breast cancer survival among 
regular aspirin users compared to non-users. Pooled data from 
randomized trials of aspirin for cardiovascular disease have also 
reported a decreased risk of metastatic cancer among aspirin 
users. Thus, we conducted a prospective randomized 
controlled trial to determine the true benefits and risks of 
adjuvant aspirin therapy for breast cancer survivors. 
METHODS: The primary objective was to compare the effect of 
300 mg aspirin daily versus placebo upon invasive disease-free 

survival (iDFS) in patients with high-risk, HER2-negative breast 
cancer. Secondary objectives included effects on overall 
survival, cardiovascular disease, toxicity, and adherence. 
Eligible participants included patients aged 18-70 diagnosed 
with a primary invasive HER2-negative breast cancer. If 
hormone receptor (HR)–positive, tumors needed to be node 
positive and diagnosed within the past 10 years. If HR negative, 
tumors could be node positive or T2-4N0 and diagnosed within 
the past 18 months. Participants were randomly selected (1:1) to 
aspirin 300 mg versus placebo daily for 5 years in a 
double-blinded fashion. Stratification factors include HR status 
(positive vs. negative), body mass index (< or ≥ 30 kg/m2), and 
stage (II vs. III). Based upon an accrual goal of 2,936 patients to 
reach 381 iDFS events, the study was estimated to have 80% 
power to detect HR 0.75. 
RESULTS: From January 2017 to December 2020, 3,021 
participants were enrolled. Treatment arms were well balanced 
in terms of key characteristics. In November 2021, the Data 
Safety and Monitoring Board recommended that the trial be 
unblinded because the stratified hazard ratio had crossed a 
pre-specified futility boundary. After 191 iDFS events (aspirin: 
107, placebo: 84) and median follow-up of 20 months, the 
stratified hazard ratio comparing aspirin to placebo was 1.27 
(z-score: -1.64), which is greater than the pre-specified hazard 
ratio of futility 1.03 (z-score < -0.192). There was no difference in 
the frequency of grade 3/4 adverse events by study arm. 
Compliance was high and similar across arms. Non-protocol 
use of aspirin/non-steroidal anti-inflammatory drugs was 
similar across arms and less than 14%, consistent with prior 
randomized aspirin trials. Updated results on iDFS events will 
be provided at presentation. 

CONCLUSIONS: In this double-blinded, placebo-controlled, 
randomized trial, there was no benefit in breast cancer invasive 
disease-free survival with the addition of 300 mg aspirin daily. 
Although inflammation may still play a role in cancer 
progression, aspirin is not recommended for prevention of 
breast cancer recurrence.
Risk of Endometrial Polyps, Hyperplasia,  Carcinoma, and 
Uterine Cancer After Tamoxifen  Treatment in Premenopausal 
Women with  Breast Cancer

Citation: JAMA Netw Open. 2022;5(11):e2243951
Author: Ki-Jin Ryu
IMPORTANCE: The association of tamoxifen use with the risk of 
uterine diseases, such as endometrial cancer, in 
premenopausal women with breast cancer remains 
controversial. However,many studies have reported an 
increased risk of uterine disease among postmenopausal 
tamoxifen users.
OBJECTIVE: To investigate the association of tamoxifen use 
with the risk of endometrial cancer and other uterine diseases 
in premenopausal women with breast cancer.
DESIGN, SETTING, AND PARTICIPANTS: A nationwide, 
population-based, retrospective longitudinal cohort study with 
an 18-year study period was conducted using data obtained 
from the Korean National Health Insurance Service. 
Participants included premenopausal women aged 20 to 50 
years with breast cancer diagnoses between January 2003 and 
December 2018. Data were analyzed from April to December 
2021.

versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 
tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.

EXPOSURES: Tamoxifen treatment.
MAIN OUTCOMES AND MEASURES: The incidence of uterine 
diseases, including endometrial cancer, hyperplasia, polyps, 
and other uterine cancers, was identified in the study cohort 
using insurance claim codes. The incidence of uterine diseases 
per 1000 person-years was compared between women 
receiving tamoxifen and those not treated with adjuvant 
hormone therapy. Multivariable Cox proportional hazard 
regression analysis was performed to determine the risk of
each uterine disease.
RESULTS: Among 78 320 female participants with a mean (SD) 
age of 42.1 (6.1) years, 34 637 (44.2%) were categorized into the 
tamoxifen group and 43 683 (55.8%) were categorized into the 
control group. Among tamoxifen users, during the mean (SD) 
follow-up duration of 6.13 (4.15) years, the incidence of newly 
diagnosed endometrial polyps was 20.13 cases per 1000 
person-years, that of endometrial hyperplasia was 13.49 cases 
per 1000 person-years, that of endometrial cancer was 2.01 
cases per 1000 person-years, and that of other uterine 
cancerswas 0.45 cases per 1000 personyears. The risk of 
endometrial cancer was higher in the tamoxifen group than in 
the control group (hazard ratio, 3.77; 95%CI, 3.04-4.66) after 
adjusting for age, body mass index, history of diabetes, 
hypertension, dyslipidemia, polycystic ovary syndrome, 
gonadotropin-releasing hormone agonist treatment, and 
trastuzumab treatment.
CONCLUSIONS AND RELEVANCE: In this longitudinal cohort 
study, premenopausal Korean women with breast cancer who 
received tamoxifen as adjuvant hormone therapy had a 

significantly increased risk of endometrial hyperplasia, polyps, 
carcinoma, and other uterine cancers compared with those 
who were not treated with adjuvant hormone therapy. These 
findings suggest that
Trial Assigning Individualized Options for Treatment (TAILORx): 
An update including 12-year event rates

Citation: SABCS: GS1-05 
Author: Sparano J
BACKGROUND: Late recurrence of breast cancer after 5 years 
accounts for about 50% of recurrences in hormone receptor 
(HR)-positive early breast cancer (EBC). TAILORx established 
non-inferiority of adjuvant endocrine therapy (ET) given for at 
least 5 years to chemotherapy plus ET (CET) in EBC and a 
21-gene recurrence score (RS) of 11-25, although there was 
some chemotherapy benefit in women
METHODS: Eligibility criteria included women 18-75 years with 
HR-positive, HER2-negative, T1b-T2N0 EBC who agreed to have 
CT assigned or randomized based on the RS assay. The primary 
endpoint was invasive disease-free survival (iDFS) in the RS 
11-25 group. The “primary analysis” refers to the original 
prespecified analysis for the primary IDFS endpoint (836 IDFS 
events at full information in the RS 11-25 group) after a median 
of 7.5 years. The “updated analysis” was performed after a 
median followup of 11.0 and 10.4 years in the randomized and 
overall populations, respectively.
RESULTS: 10,253 eligible women enrolled between 
4/7/06-10/6/10.The updated analysis includes substantially 
more events that the primary analysis, including IDFS events 
(1819 vs. 1210), distant recurrences (561 vs. 384), locoregional +/- 

distant recurrences (764 vs. 543), and deaths (910 vs. 499). The 
table provides 5 and 12-year event rates (and standard errors) 
for all arms, and comparisons of the randomized arms. The 
primary trial conclusions remain unchanged: ET was 
non-inferior to CET in the randomized group with a RS 11-25. 
Although recurrence occurred in < 10% by 12 years for a RS 0-25, 
late recurrence events beyond 5 years exceeded earlier 
recurrence. Non-recurrence events occurred in about 13% at 12 
years (~1%/year), contributing substantially to the IDFS rates. 
For women
CONCLUSIONS:The current updated analysis confirms findings 
from the original primary analysis that ET is non-inferior to CET 
in HR-positive, HER2-negative, node-negative EBC and a RS 
11-25. As in the original primary analysis, the subgroup of 
women.

Fulvestrant plus capivasertib versus placebo  after relapse or 
progression on an aromatase  inhibitor in metastatic, oestrogen 
receptor-positive, HER2-negative breast cancer  (FAKTION): 
Overall survival, updated  progression-free survival, and 
expanded  biomarker analysis from a randomised, phase 2 trial

Citation: Lancet Oncol. 2022 Jul;23(7):851-864
Author: Sacha J Howell
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 
Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 

500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 
plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 

Clinicopathological Features and Outcomes Comparing Patients 
With Invasive Ductal and  Lobular Breast Cancer

Citation: JNCI: Journal of the National Cancer  Institute, 
Volume 114, Issue 11, November 2022,  Pages 1511–1522
Author: Steffi Oesterreich
BACKGROUND: There is increasing interest in better 
understanding the biology and clinical presentation of invasive 
lobular cancer (ILC), which is the most common special 
histological subtype of breast cancer. Limited large 
contemporary data sets are available allowing comparison of 
clinicopathologic features between ILC and invasive ductal 
cancer (IDC).
METHODS: The Great Lakes Breast Cancer Consortium was 
formed to compare clinical behavior of ILC (n = 3617) and IDC (n 
= 30 045) from 33 662 patients treated between 1990 and 2017 
at 3 large clinical centers. We used Kaplan-Meier analysis, Cox 
proportional hazards modeling, and propensity score 
matching to evaluate treatment differences and outcomes. All 
statistical testing used 2-sided P values.
RESULTS: Compared with IDC, patients with ILC were more 
frequently diagnosed at later stages and with more lymph 
node involvement (correctedP<.001). Estrogen receptor - 
positive ILCs were of lower grade (grade 1 and 2: 90% in ILC vs 
72% in IDC) but larger in size (T3 and 4: 14.3% in ILC vs 3.4% in 
IDC) (corrected P < .001), and since 1990, the mean ILC size 
detected at diagnosis increased yearly. Patients with estrogen 
receptor (ER)-positive ILC underwent statistically significantly 
more mastectomies compared with ER-positive IDC (57% vs 
46%). Using Kaplan-Meier analysis, patients with ER-positive 

ILC had statistically significantly worse disease-free survival 
and overall survival than ER-positive IDC although 6 times 
more IDCs were classified as high risk by OncotypeDx Breast 
Recurrence Score assay.
CONCLUSIONS: This large, retrospective, collaborative analysis 
with 3 clinical centers identified meaningful differences in 
clinicopathological features between ILC and IDC, providing 
further evidence that these are 2 different entities requiring 
different clinical management.
Quality of life (QOL) with ribociclib (RIB) plus  aromatase 
inhibitor (AI) versus abemaciclib (ABE) plus AI as first-line (1L) 
treatment (tx) of  hormone receptor-positive/human epidermal  
growth factor receptor–negative (HR+/HER2−)  advanced breast 
cancer (ABC), assessed via matching-adjusted indirect 
comparison (MAIC).

Citation: ASCO 2022 Abstract 1015
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BACKGROUND: The combination of a cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)+endocrine therapy is the 
recommended 1L tx for HR+/HER2−ABC. A statistically 
significant overall survival (OS) benefit with RIB + AI was 
recently reported for MONALEESA-2 (ML-2); final OS results for 
the MONARCH 3 (MON-3) trial of ABE + AI are pending. QoL is 
an important end point that affects tx decisions. 
Understanding the impact of CDK4/6i on QoL is of increasing 
importance given use in earlier tx lines for ABC and an 
emerging role in treating early breast cancer, where QoL 
considerations may be more relevant. MAIC analysis allows for 
comparative effectiveness in the absence of head-to-head trial 

data. In this analysis, patient (pt)-reported QoL for the Phase III 
ML-2 (RIB + AI) and MON-3 (ABE + AI) trials were compared 
using MAIC with a focus on individual domains; the PALOMA-2 
trial could not be considered for this analysis because of the 
different pt-reported outcome measures evaluated in the trial 
compared to ML-2 and MON-3.
METHODS: An anchored MAIC of QoL with RIB + AI vs ABE + AI 
was performed using data from EORTC QLQ-C30 and BR-23 
questionnaires, individual participant data from ML-2 (data 
cutoff: 6/10/2021), and published data from MON-3 (data cutoff: 
11/3/2017). All available QoL data were used in this analysis; the 
median follow-up for ML-2 was 79.7 months, and the median 
duration of follow-up at which QoL data were reported for 
MON-3 was 26.73 months. Inclusion and exclusion criteria were 
generally similar. Pts in both arms of ML-2 were weighted to 
match baseline characteristics in the corresponding arms of 
MON-3. Cox proportional hazards model was used to generate 
hazard ratios (HRs); anchored HRs were calculated using the 
Bucher method. Time to sustained deterioration (TTSD) was 
calculated as the time from randomization to a ≥ 10-point 
deterioration with no later improvement above this threshold.
RESULTS: 205 and 149 pts from the ML-2 arms of RIB/PBO were 
matched to 328 and 165 pts from the ABE/PBO arms of MON-3. 
After weighting, pt characteristics were well balanced. TTSD 
significantly favored RIB vs ABE in appetite loss (HR, 0.46; 95% 
CI, 0.27-0.81), diarrhea (HR, 0.42; 95% CI, 0.23-0.79), and fatigue 
(HR, 0.63; 95% CI, 0.41-0.96) as measured by QLQ-C30 and arm 
symptoms (HR, 0.49; 95% CI, 0.30-0.79) as assessed by BR-23. 
TTSD did not significantly favor ABE vs RIB in any functional or 
symptom scale of the QLQ-C30 or BR-23. 

CONCLUSIONS: This MAIC suggests that RIB + AI is associated 
with better symptom-related QoL vs ABE + AI for 
postmenopausal pts with HR+/HER2− ABC in the 1L setting. 
QoL differences between CDK4/6i and their associated - 
adverse event profiles may impact clinical decisions in 
HR+/HER2− ABC.
Impact of ribociclib (RIB) dose modifications (mod) on overall 
survival (OS) in patients (pts)  with HR+/HER2- advanced breast 
cancer (ABC)  in MONALEESA(ML)-2
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BACKGROUND: The phase 3 ML-2, -3, and -7 trials all 
demonstrated consistent and statistically significant OS 
benefit with RIB (starting dose: 600 mg/d 3 wk on/1 wk off) vs 
PBO in pts with HR+/HER2− ABC. RIB dose mod (reductions 
and/or interruptions) when needed did not impact OS benefit 
with RIB + endocrine therapy (ET) in previous analyses of 
ML-3/-7. Here we present data on the effect of RIB dose mod on 
OS in postmenopausal pts with HR+/HER2− ABC in ML-2. 
METHODS: ML-2 (NCT01958021) enrolled postmenopausal pts 
randomized 1:1 to first-line RIB + letrozole (LET) or PBO + LET. 
Landmark (LM) analyses of OS were performed to evaluate the 
association between dose reductions (yes vs no) and OS. 
Multiple LM times were considered to determine the sensitivity 
of the findings. As an alternative to LM analysis, a Cox 
proportional hazards model with a time-varying covariate was 
performed. Two time-dependent variables, dose reduction 
(with/without mod from 600 mg starting dose) and relative 
dose intensity 2 (RDI2), were included in the respective model 

as covariates to explore the association with OS. To account for 
differences in time to first dose mod, RDI2 reflects the 
post–dose mod period. Median (m) OS was obtained using a 
modified Kaplan-Meier method. 
RESULTS: At data cutoff (June 10, 2021; m follow-up, 49.35 
[range, 0-86.7] mo), 209 of 334 pts (62.6%) had ≥ 1 RIB dose 
reduction and 125 of 334 (37.4%) had 0 RIB dose reduction. LM 
analyses by dose reduction are presented (Table). mOS was 
66.0 (95% CI, 57.6-75.7) mo in pts with ≥ 1 RIB dose reduction vs 
60.6 (95% CI, 42.5-79.2) mo in pts with no RIB dose reductions 
(HR, 0.87 [95% CI, 0.65-1.18]). RDI2 was classified according to 
tertile: low (< 64.27%), medium (64.27%-95.86%), and high (> 
95.86%). In pts with low, medium, and high RDI2, mOS was 62.6 
(95% CI, 50.0-80.7) mo, 63.9 (95% CI, 48.8-not reached [NR]) mo, 
and 65.3 (95% CI, 50.5-NR) mo, respectively (HR low vs high, 0.99 
[95% CI, 0.69-1.42]; HR medium vs high, 0.97 [95% CI, 0.62-1.38]). 
CONCLUSIONS: In this exploratory analysis of ML-2, OS benefit 
was maintained in pts with HR+/HER2− ABC who required mod 
from the recommended starting dose of RIB (600 mg/d 3 wk 
on/1 wk off). No relationship was observed between OS and RIB 
dose reduction or RDI2; OS benefit with RIB was observed in all 
groups.
Palbociclib After CDK4/6i and Endocrine  Therapy (PACE): A 
Randomized Phase II Study  of Fulvestrant, Palbociclib, and 
Avelumab for  Endocrine Pre-treated ER+/HER2- Metastatic  
Breast Cancer
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Author: Mayer EL

BACKGROUND: CDK4/6 inhibitors (CDK4/6i) in combination 
with endocrine therapy (ET) have a well-established role in the 
management of hormone receptor-positive (HR+)/HER2- 
metastatic breast cancer (MBC). The benefit of continuing 
CDK4/6i beyond progression in combination with a different ET 
has not been confirmed. Preclinical data suggest synergy 
between CDK4/6i and PD-L1 inhibition. The PACE trial 
prospectively evaluates whether continuation of the CKD4/6i 
palbociclib beyond progression on prior CDK4/6i and 
aromatase inhibitor (AI), with a change in ET to fulvestrant, 
improves outcomes beyond change to fulvestrant alone, as 
well as explores the activity of the palbociclib, fulvestrant, and 
avelumab triplet.
METHODS: PACE is a multicenter randomized open-label 
investigator-initiated phase II trial, open at 11 U.S. sites. Eligible 
patients (pts) had HR+/HER2- evaluable MBC with prior 
progression on AI and any CDK4/6i after > 6 months (mo) of 
therapy in the MBC setting, or during/within 12 mo in the 
adjuvant setting, with no more than 1 prior line of 
chemotherapy for MBC. Pts were randomized 1:2:1 to 
fulvestrant alone (F); fulvestrant and palbociclib (F+P); or 
fulvestrant, palbociclib, avelumab (F+P+A), with tumor 
assessments every 8 weeks. Blood for circulating tumor DNA 
(ctDNA) analysis was collected at baseline, at times of tumor 
assessments, and at progression. The primary objective was to 
evaluate progression-free survival (PFS) with F+P vs F; 
secondary objectives included PFS with F+P+A vs F, objective 
response rate (ORR) in all arms, and safety. A sample size of 220 
patients was planned to provide 80% power to detect an 
improvement in PFS with HR 0.6154 with F+P vs F (6.5 vs 4 mo; 
α(1)=0.05).

RESULTS: A total of 220 pts were randomized from 
9/2017-2/2022 (F: n=55, F+P: n=111, F+P+A: n=54); median age 57 
years (range 25-83), 85% non-Hispanic (7.7% non-Hispanic 
black), 8.6% Hispanic, 6.4% unknown. 40% had de novo MBC, 
60% had visceral disease, and 14% bone-only disease. 16% had 1 
prior line of chemotherapy for MBC, 90% had received prior 
palbociclib, 4.5% ribociclib, 4.1% abemaciclib, 1.4% palbociclib 
and ribociclib. Pts entered the trial after a median 19 mo of prior 
CDK4/6i plus AI (interquartile range 12-31 mo). A total of 10 (5%) 
pts received protocol therapy as first line ET for MBC, 169 (77%) 
as second line, and 41 (17%) as beyond second line. 88% entered 
the trial directly after progression on CDK4/6i. After a median 
follow-up of 24 mo, 18 pts remained on protocol treatment. PFS 
was not improved with F+P vs F (median 4.6 vs 4.8 mo; HR=1.11, 
90% CI 0.79-1.55; 2-sided p=0.62). Median PFS was 8.1 mo with 
F+P+A (HR=0.75 vs F, 90% CI 0.50-1.12; 2-sided p=0.23). ORR was 
7.3% (90%CI 1.5-13.0) with F, 9.0% F+P (4.5-13.5%) and 13.0% 
F+P+A (5.4-20.5%). No new safety signals have been observed. 
Analysis of ctDNA panel sequencing encompassing 70 genes 
from 184 baseline samples, including correlation with known 
and hypothesized resistance genes, will be presented.
CONCLUSIONS: For ER+/HER2- breast cancer, combining 
palbociclib with fulvestrant beyond progression on prior 
CDK4/6i and AI did not significantly improve PFS compared 
with using fulvestrant alone. The observed longer PFS when a 
PD-L1 inhibitor was added to fulvestrant plus palbociclib is an 
intriguing signal in this ER+ population. Translational studies of 
blood and tumor tissue are ongoing and will be presented.

Clinical Validity of 16α-[18F]Fluoro-17β-Estradiol  Positron 
Emission Tomography/Computed  Tomography to Assess 
Estrogen Receptor  Status in Newly Diagnosed Metastatic 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 1;40(31):3642-3652
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PURPOSE: Determining the estrogen receptor (ER) status is 
essential in metastatic breast cancer (MBC) management. 
Whole-body ER imaging with 16α-[18F]fluoro-17β-estradiol 
positron emission tomography ([18F]FES-PET) is increasingly 
used for this purpose. To establish the clinical validity of the 
[18F]FES-PET, we studied the diagnostic accuracy of qualitative 
and quantitative [18F]FES-PET assessment to predict ER 
expression by immunohistochemistry in a metastasis.
METHODS: In a prospective multicenter trial, 200 patients with 
newly diagnosed MBC underwent extensive workup including 
molecular imaging. For this subanalysis, ER expression in the 
biopsied metastasis was related to qualitative whole-body 
[18F]FES-PET evaluation and quantitative [18F]FES uptake in 
the corresponding metastasis. A review and meta-analysis 
regarding [18F]FES-PET diagnostic performance were 
performed.
RESULTS: Whole-body [18F]FES-PET assessment predicted ER 
expression in the biopsied metastasis with good accuracy: a 
sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 
89), a positive predictive value (PPV) of 93% (87 to 96), and a 
negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 
evaluable patients. Quantitative [18F]FES uptake predicted ER 
immunohistochemistry in the corresponding metastasis with 

a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 
156 of 200 evaluable patients. For bone metastases, PPV/NPV 
was 92%/81%. Meta-analysis with addition of our data has 
increased diagnostic performance and narrowed the 95% CIs 
compared with previous studies with a sensitivity/specificity of 
both 86% (81 to 90 and 73 to 93, respectively).
CONCLUSION: In this largest prospective series so far, we 
established the clinical validity of [18F]FES-PET to determine 
tumor ER status in MBC. In view of the high diagnostic 
accuracy of qualitatively assessed whole-body [18F]FES-PET, 
this noninvasive imaging modality can be considered a valid 
alternative to a biopsy of a metastasis to determine ER status in 
newly MBC (ClinicalTrials.gov identifier: NCT01957332).

Longer follow-up is needed to assess any impact on breast 
cancer mortality.
Extended adjuvant aromatase inhibition after sequential 
endocrine therapy: Final results of the phase III DATA trial
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BACKGROUND: The DATA study evaluated the use of different 
durations of anastrozole in patients with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of tamoxifen. Here, we present the final analysis.
METHODS: The DATA study was a phase III, open-label, 
randomised controlled trial performed in 79 hospitals in the 
Netherlands. Postmenopausal women with hormone 
receptor-positive breast cancer who were disease-free after 2-3 
years of adjuvant tamoxifen received either 3 or 6 years of 
anastrozole in a 1:1 ratio. Randomisation was stratified by nodal 
status, hormone receptor status, HER2 status and duration of 
prior tamoxifen treatment. The primary endpoint was adapted 
disease-free survival (aDFS), defined as DFS from 3 years after 
randomisation onwards. Adapted overall survival (aOS) was 
evaluated as a secondary endpoint.
RESULTS: Between June 2006 and August 2009, 1912 patients 
were randomly assigned to 3 or 6 years of anastrozole. Of these, 
1660 patients were eligible and disease-free at 3 years after 
randomisation. The median adapted follow-up time was 10.1 
years. The 10-year aDFS was 69% (95% confidence interval (CI): 
66%-72%) in the 6-year group and 66% (95% CI: 63%-69%) in the 
3-year group (hazard ratio 0.86; 95% CI: 0.72-1.01; p=0.073), with 
no difference in aOS (hazard ratio 0.93; 95% CI: 0.75-1.16; p=0.53). 

The effect of extended treatment on aDFS differed between 
patients with tumours expressing both oestrogen receptors 
(ER) and progesterone receptors (PR) (hazard ratio 0.77; 95% CI: 
0.63-0.94; p=0.008), and patients with tumours expressing only 
one receptor (hazard ratio 1.22; 95% CI: 0.86-1.73; p=0.28) (p 
interaction=0.018). In patients with node-positive, ER- and 
PR-positive tumours (n=849), the 10-year aDFS was 69% (95% 
CI: 64%-73%) in the 6-year group and 61% (95% CI: 56%-65%) in 
the 3-year group (hazard ratio 0.74; 95% CI: 0.59-0.93; p=0.011), 
with no significant difference in aOS (hazard ratio 0.84; 95% CI: 
0.62-1.12; p=0.23).
CONCLUSIONS: We cannot recommend extending aromatase 
inhibition beyond 5 years of sequential therapy in all 
postmenopausal women with hormone receptor-positive 
breast cancer. It may however be considered in patients with 
node-positive, ER- and PR-positive tumours.
Twenty-Year Benefit From Adjuvant Goserelin  and Tamoxifen in 
Premenopausal Patients With  Breast Cancer in a Controlled 
Randomized  Clinical Trial
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PURPOSE: To assess the long-term (20-year) endocrine therapy 
benefit in premenopausal patients with breast cancer.
METHODS: Secondary analysis of the Stockholm trial (STO-5, 
1990-1997) randomly assigning 924 premenopausal patients to 
2 years of goserelin (3.6 mg subcutaneously once every 28 
days), tamoxifen (40 mg orally once daily), combined goserelin 
and tamoxifen, or no adjuvant endocrine therapy (control) is 
performed.

Random assignment was stratified by lymph node status; 
lymph node–positive patients (n5459) were allocated to 
standard chemotherapy (cyclophosphamide, methotrexate, 
and fluorouracil). Primary tumor immunohistochemistry (n 
5731) and gene expression profiling (n5 586) were conducted in 
2020. The 70-gene signature identified genomic low-risk and 
high-risk patients. Kaplan-Meier analysis, multivariable Cox 
proportional hazard regression, and multivariable time-varying 
flexible parametric modeling assessed the long-term distant 
recurrence-free interval (DRFI). Swedish high-quality registries 
allowed a complete follow-up of 20 years.
RESULTS: In estrogen receptor–positive patients (n 5 584, 
median age 47 years), goserelin, tamoxifen, and the 
combination significantly improved long-term distant 
recurrence-free interval compared with control (multivariable 
hazard ratio [HR], 0.49; 95% CI, 0.32 to 0.75, HR, 0.57; 95% CI, 0.38 
to 0.87, and HR, 0.63; 95% CI, 0.42 to 0.94, respectively). 
Significant goserelin-tamoxifen interaction was observed (P 5 
.016). Genomic lowrisk patients (n 5 305) significantly 
benefitted from tamoxifen (HR, 0.24; 95% CI, 0.10 to 0.60), and 
genomic high-risk patients (n 5 158) from goserelin (HR, 0.24; 
95% CI, 0.10 to 0.54). Increased risk from the addition of 
tamoxifen to goserelin was seen in genomic high-risk patients 
(HR, 3.36; 95% CI, 1.39 to 8.07). Moreover, longlasting 20-year 
tamoxifen benefit was seen in genomic low-risk patients, 
whereas genomic high-risk patients had early goserelin 
benefit.
CONCLUSION: This study shows 20-year benefit from 2 years of 
adjuvant endocrine therapy in estrogen receptor– positive 
premenopausal patients and suggests differential treatment 

benefit on the basis of tumor genomic characteristics. 
Combined goserelin and tamoxifen therapy showed no benefit 
over single treatment. Long-term follow-up to assess 
treatment benefit is critical.
Adding ovarian function suppression to  tamoxifen in young 
women with hormone-sensitive breast cancer who remain  
premenopausal or resume menstruation after  chemotherapy: 
8-year follow-up of the  randomized ASTRRA trial
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BACKGROUND: Addition of Ovarian Suppression to Tamoxifen 
in Young Women With Hormone-Sensitive Breast Cancer Who 
Remain Premenopausal or Regain Vaginal Bleeding After 
Chemotherapy (ASTRRA) trial, at 63 months median follow-up, 
showed that the addition of 2 years of ovarian function 
suppression (OFS) to Tamoxifen (TAM) significantly improved 
disease-free survival (DFS) compared with TAM alone in 
patients with hormone receptor–positive breast cancer who 
remain in a premenopausal state or resume ovarian function 
after chemotherapy. We report updated long-term outcomes 
from ASTRRA trial with 106.4 months median follow-up. 
METHODS: This study is a post-trial follow-up of the ASTRRA 
trial, which randomly assigned 1,298 patients with breast 
cancer in a 1:1 ratio to receive TAM only (n = 647) or TAM + OFS (n 
= 635). The primary endpoint was DFS and secondary endpoint 
was overall survival (OS). We used Kaplan-Meier estimates for 
time to event endpoints and hazard ratios (HR) with 95% 
confidence interval (CI) from Cox-regression model.

RESULTS: At 106.4 months of median follow-up, there 
continues to be a statistically significant reduction in DFS 
event rate in favor of the TAM+OFS group. The estimated 8-year 
DFS rate was 85.4% in the TAM + OFS group and 80.2% in the 
TAM-only group (HR 0.67; 95% CI, 0.51 to 0.87). There were no 
significant differences in OS between two groups. The 
estimated 8-year OS rate was 96.5% in the TAM + OFS group 
and 95.3% in the TAM-only group (HR, 0.78; 95% CI, 0.49 to 1.25). 
The results of DFS and OS between the two groups defined 
from the time of random assignment to the time of events 
were also similar. 
CONCLUSIONS: These data demonstrate consistent survival 
advantages of adding OFS 2 years to TAM treatment over time, 
with the long-term follow-up reported to date. This study 
finding suggest that adding OFS to TAM should be considered 
for those who remain in a premenopausal state or resume 
ovarian function after chemotherapy. Longer follow-up is 
needed to fully evaluate the OS benefit.
Long-term outcomes of adjuvant denosumab in breast cancer: 
Fracture reduction and survival results from 3,425 patients in the  
randomised, double-blind, placebo-controlled  ABCSG-18 trial
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BACKGROUND: State-of-the-art adjuvant endocrine therapy 
with aromatase inhibitors (AI) compromises bone health in 
postmenopausal patients with hormone receptor-positive 
(HR+) breast cancer, increasing fracture incidence. Adjuvant 
treatment with the anti-RANK ligand denosumab (Dmab) 
counteracts these side effects and may improve outcomes. We 

here report the final long-term outcomes of the ABCSG-18 trial 
(ClinicalTrials.gov NCT00556374).
METHODS: In this prospective, double-blind, 
placebo-controlled, phase 3 trial, 3,425 postmenopausal 
patients with early HR+ breast cancer on AI therapy were 
randomised in 58 trial centers between 2006 and 2013 to 
receive either Dmab 60 mg or placebo s.c. every 6 months 
(q6m). The primary endpoint was time to first clinical fracture, 
secondary disease outcome-related endpoints were 
disease-free survival (DFS), bone-metastasis free survival 
(BMFS), and overall survival (OS). In addition to the main 
endpoint analyses reported previously, exploratory long-term 
follow-up was conducted in ABCSG-18. Main time-to-event 
analyses were based on stratified Cox models. Sensitivity 
analyses accounting for treatment cross-over associated with a 
late Dmab open-label phase, as well as for receiving any 
anti-resorptive agents were performed.
RESULTS: For this final protocol-defined analysis, median 
follow-up is 8 years (Q1,3: 6, 9.6), and all patients had ended their 
randomly assigned double-blind treatment (Dmab 60mg s.c. 
q6m n = 1711; placebo s.c. q6m n = 1709) for a median of 5 years. 
DFS was improved in the Dmab group versus the placebo 
group (309 versus 368 DFS events, hazard ratio (HR) 0.83, 95% 
CI 0.71-0.97, p = 0.016), resulting in an absolute 9-year DFS 
difference of 3.5% (79.4% vs 75.9%, respectively). When 
censoring for late cross-over and use of anti-resorptive agents, 
the DFS difference was confirmed (HR 0.82, p = 0.010). BMFS 
was improved by 19 per cent (HR 0.81, 95% CI 0.65-1.00, p = 
0.047) in the Dmab group, and OS was improved by 20 per cent 
in the uncensored analysis (127 versus 158 OS events, HR 0.80, 

95% CI 0.64-1.01, p = 0.065), and 26 per cent after censoring (HR 
0.74, 95% CI 0.58-0.94, p = 0.013). The previously reported 
marked reduction in clinical fractures persisted even 
long-term, with 201 fractures in the Dmab and 255 fractures in 
the placebo group (HR 0.76, 95% CI 0.63-0.92, p = 0.004). No 
new toxicities for this (low) bone-protective dose of adjuvant 
Dmab were reported, particularly no ONJ occured.. 
CONCLUSIONS: Adjuvant Dmab 60mg every 6 months during 
AI therapy is safe, and markedly reduces treatment-induced 
clinical fractures even in the long-term. DFS, BMFS, and OS are 
improved in this descriptive final long-term analysis of 
ABCSG-18. Adjuvant denosumab should be considered for 
routine clinical use in postmenopausal patients with HR+ 
breast cancer.
Final results from a phase III randomized clinical trial of adjuvant 
endocrine therapy ±  chemotherapy in women ≥ 70 years old 
with  ER+ HER2- breast cancer and a high genomic  grade index: 
The Unicancer ASTER 70s trial

Citation: ASCO 2022 Abstract 500
Author: Etienne Brain]
BACKGROUND: Benefit of adjuvant chemotherapy (CT) in 
addition to endocrine therapy (ET) remains controversial for 
patients (pts) aged ≥ 70 years with oestrogen 
receptors-positive (ER+) HER2-negative (HER2-) breast cancer 
(BC). In a large prospective trial, we first assessed the tumour 
genomic grade index (GGI) in all pts, and second, randomized 
pts with a high GGI between CT + ET vs. ET alone.
METHODS: Eligible pts were women ≥ 70 years with ER+ HER2- 
primary BC or isolated local relapse, irrespective of other 

characteristics, for whom adjuvant systemic treatment was 
considered. G8 score, Charlson comorbidity index (CCI) and 
4-year mortality Lee score were collected at baseline. GGI was 
centrally performed by RT-PCR on FFPE samples. Pts with low 
GGI were not recommended to receive CT and were followed in 
an observational cohort. Pts with high (+ equivocal) GGI were 
randomized 1:1 to CT + ET vs. ET alone, using G8, pN and centre 
for stratification. Investigators chose between 3 CT regimens: 4 
cycles of doxorubicin/cyclophosphamide, non-pegylated 
liposomal doxorubicin/cyclophosphamide or 
docetaxel/cyclophosphamide, given q3w with G-CSF. Standard 
ET consisted of 5 years of aromatase inhibitor, tamoxifen or a 
sequence based on tolerance. Based on CALGB 49907 results, 
the primary objective was to demonstrate an overall survival 
(OS) benefit for CT (4-year assumptions 87.5 vs 80%, HR=0.60) 
in the intent to treat (ITT) population. With 171 events, the trial 
had 90% power to demonstrate a difference with a bilateral test 
α=0.05. Secondary objectives included BC specific survival 
(BCSS), invasive disease-free survival (iDFS), event-free survival 
(EFS), competing events, cost-effectiveness and Q-TWiST 
analysis, geriatric dimensions, willingness and quality of life. 
RESULTS: Between 04/2012 and 05/2016, 1,969 pts from 61 
French and 12 Belgian centres were enrolled. Of them, 1,089 
(55%) were randomized between CT + ET and ET alone. Median 
follow-up was 5.8 years at the data cut-off (17/12/2021) with 180 
OS events observed. Median age was 75 (70-92), G8 score, CCI 
and Lee score being >14, ≤ 2, and ≤ 8 in 60%, 62% and 84% of pts, 
respectively. Tumours were ≥ pT2, pN+, isolated local relapses, 
with histological grade III, in 56%, 46%, 11% and 39% of cases, 
respectively. No significant OS difference was observed 

between arms (HR 0.85 [0.64-1.13], p=0.2538); 4-year OS was 
90.5% in the CT + ET arm and 89.7% in the ET alone arm. The 
forest plot could not identify any subgroup deriving significant 
benefit from CT. ITT and per protocol analysis of secondary 
objectives (BCSS, iDFS, EFS) showed similar results.
CONCLUSIONS: In this large phase III trial, we did not find a 
statistically significant OS benefit with the addition of CT to ET 
after surgery for ER+ HER2- BC with a high GGI. Analysis of the 
other outcome measures will be presented.
Evaluation of the Breast Cancer Index in  premenopausal women 
with early-stage HR+  breast cancer in the SOFT trial
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BACKGROUND: The landmark Suppression of Ovarian Function 
Trial (SOFT) in premenopausal breast cancer patients revealed 
that the addition of ovarian function suppression (OFS) to 
adjuvant endocrine therapy with either tamoxifen (T+OFS) or 
exemestane (E+OFS) reduces the risk of recurrence compared 
with adjuvant tamoxifen alone. The benefit from the addition 
of OFS was most clinically meaningful for patients at higher 
clinico-pathologic risk of recurrence. There are no biomarkers 
to aid decision-making about intensification of endocrine 
therapy with OFS and its resultant toxicities. The Breast Cancer 
Index (BCI) is a gene expression–based signature that stratifies 
patients based on the risk of overall (0-10 years) and late (post-5 
years) distant recurrence (DR) and predicts the likelihood of 
benefit from extended endocrine therapy in early stage HR+ 
breast cancer. The purpose of this study is to assess BCI’s 
prognostic and predictive ability in premenopausal women 

randomly assigned to 5-years treatment with E+OFS or T+OFS 
vs T alone in the SOFT trial.
METHODS: All available FFPE tumor samples from the SOFT 
trial (n=1718 of 3047) were included in the study. BCI testing was 
performed blinded to clinical characteristics, treatment and 
outcome. Median follow-up was 13 years. Primary endpoint was 
breast cancer-free interval (BCFI). Secondary endpoints were 
distant recurrence-free interval (DRFI) and disease-free 
survival (DFS). Kaplan-Meier analysis and Cox proportional 
hazards regression models, stratified by prior chemotherapy 
and lymph node status, were used to evaluate the predictive 
performance of BCI (H/I) status (High vs Low), and secondarily 
H/I as a continuous score. Hypothesis testing for interaction 
was performed by stratified log-rank tests.
RESULTS:Tumor samples from 1687 (98%) patients (30.4% < 40 
years, 64.1% T1, 50.1% G2, 65.8% N0, 85.5%% HER2-, 53.3% 
received prior chemotherapy) were successful in BCI testing 
and included in the final analysis. Patient characteristics in the 
translational cohort are representative of the parent SOFT trial. 
42.4% of patients’ tumors had H/I-High status. Prognostic and 
predictive analyses are ongoing and will be presented at the 
meeting.
Overall survival (OS) with first-line palbociclib  plus letrozole 
(PAL+LET) versus placebo plus  letrozole (PBO+LET) in women 
with estrogen  receptor–positive/human epidermal growth  
factor receptor 2–negative advanced breast  cancer (ER+/HER2
− ABC): Analyses from  PALOMA-2
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BACKGROUND: PAL was the first cyclin-dependent kinase 4/6 
(CDK4/6) inhibitor approved for ER+/ HER2– ABC based on the 
randomized, phase 2 PALOMA-1 study. PALOMA-2 is a 
randomized, double- blind, phase 3 trial in first-line ER+/HER2– 
ABC that confirmed a clinically and statistically significant 
improvement in progression-free survival (PFS) with PAL+LET 
versus PBO+LET (median PFS, 27.6 vs 14.5 months; hazard ratio, 
0.56 [95% CI, 0.46–0.69]; P<0.0001). At the time of the final PFS 
analysis, OS data were not mature. Herein, we report OS results.
METHODS: 666 postmenopausal women with ER+/HER2– ABC 
who had not received prior systemic therapy for advanced 
disease were randomized 2:1 to receive PAL (125 mg/d orally, 3/1 
week schedule) plus LET (2.5 mg/d orally, continuously) or 
PBO+LET. The primary endpoint was investigator-assessed PFS 
and a key secondary endpoint was OS. Per study design, 390 
OS events are required to have 80% power to detect a hazard 
ratio <0.74 at a significance level of 0.025 (1-sided) using a 
stratified log-rank test. The planned final OS analysis was 
conducted when the number of events required for the 
analysis was observed. 
RESULTS: At data cut-off (November 15, 2021), with a median 
follow-up of 90 months, 43 patients (pts; 10%) remained on 
PAL+LET and 5 pts (2%) on PBO+LET. With 405 deaths, median 
OS (95% CI) was 53.9 months (49.8–60.8) in the PAL+LET arm 
and 51.2 months (43.7 –58.9) in the PBO+LET arm (hazard ratio, 
0.956 [95% CI, 0.777–1.177]; stratified 1-sided P=0.3378). In this OS 
analysis, a proportion of pts were not available for follow-up 
(withdrew consent or lost to follow-up) and were censored: 21%
in the PBO+LET arm versus 13% in the PAL+LET arm. A posthoc 
sensitivity analysis excluding these pts resulted in a median OS 

(95% CI) of 51.6 months (46.9–57.1) with PAL+LET and 44.6 
months (37.0–52.3) with PBO+LET (hazard ratio, 0.869 [95% CI, 
0.706–1.069]). Of the pts who discontinued study treatment, 
81% in the PAL+LET arm and 88% in the PBO+LET arm received 
post-study systemic therapy; 12% and 27% of pts who 
discontinued received CDK4/6 inhibitor, respectively. In pts 
with disease-free interval (DFI) >12 months, median OS (95% CI) 
was 66.3 months (52.1–79.7) in the PAL+LET arm (n=179) and 
47.4 months (37.7–57.0) in the PBO+LET arm (n=93); hazard 
ratio, 0.728 (95% CI, 0.528-1.005). No new safety findings were 
observed.
CONCLUSIONS: PALOMA-2 met its primary endpoint of 
improving PFS but not the secondary endpoint of OS. Pts 
receiving PAL+LET had numerically longer OS compared to 
PBO+LET, but the results were not statistically significant. 
Funding: Pfizer Inc (NCT01740427) Clinical trial information: 
NCT01740427. Research
Sponsor: Pfizer Inc.
Interim overall survival (OS) results of  abemaciclib plus a 
nonsteroidal aromatase  inhibitor (NSAI) in patients (pts) with 
HR+, HER2-   advanced breast cancer (ABC) MONARCH 3
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BACKGROUND: MONARCH 2 led to abemaciclib + fulvestrant 
approval in pts with HR+, HER2- ABC with disease progression 
on prior endocrine therapy and demonstrated significant OS 
benefit. MONARCH 3 led to abemaciclib + NSAI approval as 
initial therapy in postmenopausal pts with HR+, HER2- ABC 
with significant improvement in progression-free survival 

(PFS). Here we report the second interim analysis (IA2) OS 
results for MONARCH 3, an analysis included in the European 
Product Label by request of EMA. 
Methods: MONARCH 3 is a 2:1 randomized, double-blind, 
placebo-controlled Phase 3 study of NSAI +/- abemaciclib. 
Detailed study information, including the primary endpoint of 
PFS are published (Goetz, JCO 2017). OS is a key secondary 
endpoint and this prespecified OS IA2 (data cut 2 Jul 2021) was 
scheduled after w252 events in the ITT population (80% of 
planned events for final OS analysis), using a stratified log-rank 
test and applying a pre-defined error spending strategy to 
assess significance in both the ITT and the subgroup with 
visceral disease (sVD). 
RESULTS: 493 pts were randomized to receive NSAI + 
abemaciclib (n¼328) or placebo (n¼165). At IA2, with 70.2 
months median follow-up, in the ITT the median OS (mOS) was 
67.1 months for abemaciclib + NSAI vs 54.5 months for placebo 
+ NSAI (HR¼0.754, 95% CI: 0.584-0.974, 2-sided p¼0.0301). In 
sVD, the mOS was 65.1 months for abemaciclib + NSAI vs 48.8 
months for placebo + NSAI (HR¼0.708, 95% CI: 0.508-0.985; 
2-sided p¼0.0392). According to the alpha spending 
procedure, the critical boundaries for declaring significance in 
both groups were not met for IA2. Follow-up is ongoing for final 
OS analysis (expected 2023). Safety data were consistent with 
the known profile of abemaciclib. 
CONCLUSIONS: In the second interim prespecified overall 
survival analysis from MONARCH 3, longer OS was observed in 
both the ITT and sVD (an increase in the median OS by >12 
months with the addition of abemaciclib to NSAI), however 
neither met the threshold for formal statistical significance 

according to the alpha spend procedure. Final OS analysis is 
planned when at least 315 OS events in ITT and 189 in sVD are 
observed.
Overall Survival with Ribociclib plus Letrozole in Advanced 
Breast Cancer

Citation: N Engl J Med 2022; 386:942-950
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BACKGROUND: In a previous analysis of this phase 3 trial, 
first-line ribociclib plus letrozole resulted in significantly longer 
progression-free survival than letrozole alone among 
postmenopausal patients with hormone receptor 
(HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether overall 
survival would also be longer with ribociclib was not known.
METHODS: Here we report the results of the protocol-specified 
final analysis of overall survival, a key secondary end point. 
Patients were randomly assigned in a 1:1 ratio to receive either 
ribociclib or placebo in combination with letrozole. Overall 
survival was assessed with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods after 
400 deaths had occurred. A hierarchical testing strategy was 
used for the analysis of progression-free survival and overall 
survival to ensure the validity of the findings.
RESULTS: After a median follow-up of 6.6 years, 181 deaths had 
occurred among 334 patients (54.2%) in the ribociclib group 
and 219 among 334 (65.6%) in the placebo group. Ribociclib 
plus letrozole showed a significant overall survival benefit as 
compared with placebo plus letrozole. Median overall survival 
was 63.9 months (95% confidence interval [CI], 52.4 to 71.0) with 

ribociclib plus letrozole and 51.4 months (95% CI, 47.2 to 59.7) 
with placebo plus letrozole (hazard ratio for death, 0.76; 95% CI, 
0.63 to 0.93; two-sided P = 0.008). No new safety signals were 
observed.
CONCLUSIONS: First-line therapy with ribociclib plus letrozole 
showed a significant overall survival benefit as compared with 
placebo plus letrozole in patients with HR-positive, 
HER2-negative advanced breast cancer. Median overall survival 
was more than 12 months longer with ribociclib than with 
placebo. (Funded by Novartis; MONALEESA- 2 ClinicalTrials.gov 
number, NCT01958021).
Primary results from the randomized Phase II RIGHT Choice trial 
of premenopausal patients with aggressive HR+/HER2− 
advanced breast cancer treated with ribociclib + endocrine 
therapy vs physician’s choice combination chemotherapy
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BACKGROUND: Combination chemotherapy (CT) remains a 
standard of care in advanced breast cancer (ABC) with 
aggressive disease features (rapidly progressing or highly 
symptomatic disease, including life-threatening visceral crisis). 
To date, no data have been published on a head-to-head 
comparison of CDK4/6 inhibitor (CDK4/6i) + endocrine therapy 
(ET) vs combination CT in this patient (pt) population. RIGHT 
Choice, a randomized, open-label, multi-national, Phase II trial, 
investigated the efficacy and safety of first-line ribociclib (RIB) 
+ ET vs combination CT in pre/perimenopausal pts with 
HR+/HER2− ABC with aggressive disease (where combination 
CT is clinically indicated by physician’s judgment). Here we 

report the results of the primary endpoint of progression-free 
survival (PFS) and key secondary endpoints from this study.
METHODS: Pre/perimenopausal pts with HR+/HER2− ABC 
(>10% estrogen receptor–positive [ER+]) and no prior systemic 
therapy for ABC were randomized 1:1 to receive either RIB (600 
mg daily, 3 weeks on/1 week off) with letrozole/anastrozole + 
goserelin or investigator’s choice of CT (docetaxel + 
capecitabine, paclitaxel + gemcitabine, or capecitabine + 
vinorelbine). Randomization was stratified by presence of liver 
metastases and whether the disease-free interval (duration 
from date of complete tumor resection for primary breast 
cancer lesion to the date of documented disease recurrence) 
was less than two years. Pts included in the trial had ABC not 
amenable to curative therapy for which combination CT was 
clinically indicated by physician’s judgment (i.e., symptomatic 
visceral metastases, rapid progression of disease or impending 
visceral compromise, or markedly symptomatic non-visceral 
disease). Median PFS (mPFS) and median time to treatment 
failure (mTTF) were evaluated by Kaplan-Meier methods. 
Overall response rate (ORR) was also analyzed, with quality of 
life and biomarker analyses planned. RIGHT Choice is 
registered at ClinicalTrials.gov (NCT03839823).
RESULTS: A total of 222 pts (112 RIB + ET; 110 CT) were enrolled 
from Feb 2019 to Nov 2021. Pts with symptomatic visceral 
metastases (n=150; 67.6%), rapid disease progression (n=41; 
18.5%), and markedly symptomatic non-visceral metastases 
(n=31; 14.0%) were included. Overall, 116 pts (52.3%) had visceral 
crisis based on guideline definitions. A majority of pts (n=190; 
85.6%) had tumors that were ≥50% ER+. At data cutoff (Apr 12, 

2022), median follow-up was 24.1 mo; 45.5% and 23.6% of pts 
remained on treatment in the RIB + ET arm and combination 
CT arm, respectively. The primary endpoint was met, with a 
statistically significant PFS benefit of ≈1 year for RIB + ET vs 
combination CT (mPFS, 24.0 vs 12.3 mo; hazard ratio, 0.54; 95% 
CI, 0.36-0.79; P=.0007). OS data were immature at data cutoff. 
The mTTF was ≈10 mo longer for RIB + ET vs CT (18.6 vs 8.5 mo; 
hazard ratio, 0.45; 95% CI, 0.32-0.63). The ORR was similar for RIB 
+ ET vs CT (65.2% vs 60.0%). No new safety signals were 
observed in pts on RIB. Lower rates of treatment-related 
serious adverse events (AEs; 1.8% vs 8.0%) and lower rates of 
discontinuation due to treatment-related AEs (7.1% vs 23.0%) 
were seen with RIB + ET vs CT, respectively. AEs observed with 
combination CT were consistent with the published data.
CONCLUSIONS: This analysis demonstrated a statistically 
significant and clinically meaningful PFS benefit with RIB + ET 
over combination CT in the first-line pre/perimenopausal pt 
population with aggressive HR+/HER2− ABC disease. This is the 
first study comparing a CDK4/6i + ET vs combination CT and 
demonstrating the superiority of RIB + ET in aggressive 
HR+/HER2− ABC. This evidence supports RIB+ ET use as a 
preferred option for this pt population.
Switch to fulvestrant and palbociclib versus no switch in 
advanced breast cancer with rising ESR1 mutation during 
aromatase inhibitor and palbociclib therapy (PADA-1): A 
randomised, open-label, multicentre, phase 3 trial.
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BACKGROUND: In advanced oestrogen receptor-positive, 
HER2-negative breast cancer, acquired resistance to 
aromatase inhibitors frequently stems from ESR1-mutated 
subclones, which might be sensitive to fulvestrant. The PADA-1 
trial aimed to show the efficacy of an early change in therapy 
on the basis of a rising ESR1 mutation in blood (bESR1mut), 
while assessing the global safety of combination fulvestrant 
and palbociclib.
METHODS: We did a randomised, open-label, phase 3 trial in 83 
hospitals in France. Women aged at least 18 years with 
oestrogen receptor-positive, HER2-negative advanced breast 
cancer and an Eastern Cooperative Oncology Group 
performance status of 0–2 were recruited and monitored for 
rising bESR1mut during first-line aromatase inhibitor (2·5 mg 
letrozole, 1 mg anastrozole, or 25 mg exemestane, orally once 
per day, taken continuously) and palbociclib (125 mg orally 
once per day on days 1–21 of a 28-day cycle) therapy. Patients 
with newly present or increased bESR1mut in circulating 
tumour DNA and no synchronous disease progression were 
randomly assigned (1:1) to continue with the same therapy or to 
switch to fulvestrant (500 mg intramuscularly on day 1 of each 
28-day cycle and on day 15 of cycle 1) and palbociclib (dosing 
unchanged). The randomisation sequence was generated 
within an interactive web response system using a 
minimisation method (with an 80% random factor); patients 
were stratified according to visceral involvement (present or 
absent) and the time from inclusion to bESR1mut detection 
(<12 months or ≥12 months). The co-primary endpoints were 
investigator-assessed progression-free survival from random 
assignment, analysed in the intention-to-treat population (ie, 

all randomly assigned patients), and grade 3 or worse 
haematological adverse events in all patients. The trial is 
registered with Clinicaltrials.gov (NCT03079011), and is now 
complete.
FINDINGS: From March 22, 2017, to Jan 31, 2019, 1017 patients 
were included, of whom 279 (27%) developed a rising 
bESR1mut and 172 (17%) were randomly assigned to treatment: 
88 to switching to fulvestrant and palbociclib and 84 patients 
to continuing aromatase inhibitor and palbociclib. At database 
lock on July 31, 2021, randomly assigned patients had a median 
follow-up of 35·3 months (IQR 29·2–41·4) from inclusion and 
26·0 months (13·8–34·3) from random assignment. Median 
progression-free survival from random assignment was 11·9 
months (95% CI 9·1–13·6) in the fulvestrant and palbociclib 
group versus 5·7 months (3·9–7·5) in the aromatase inhibitor 
and palbociclib group (stratified HR 0·61, 0·43–0·86; p=0·0040). 
The most frequent grade 3 or worse haematological adverse 
events were neutropenia (715 [70·3%] of 1017 patients), 
lymphopenia (66 [6·5%]), and thrombocytopenia (20 [2·0%]). 
The most common grade 3 or worse adverse events in step 2 
were neutropenia (35 [41·7%] of 84 patients in the aromatase 
inhibitor and palbociclib group vs 39 [44·3%] of 88 patients in 
the fulvestrant and palbociclib group) and lymphopenia (three 
[3·6%] vs four [4·5%]). 31 (3·1%) patients had grade 3 or worse 
serious adverse events related to treatment in the overall 
population. Three (1·7%) of 172 patients randomly assigned had 
one serious adverse event in step 2: one (1·2%) grade 4 
neutropenia and one (1·2%) grade 3 fatigue among 84 patients 
in the aromatase inhibitor and palbociclib group, and one (1·1%) 
grade 4 neutropenia among 88 patients in the fulvestrant and 

palbociclib group. One death by pulmonary embolism in step 1 
was declared as being treatment related.
INTERPRETATION: PADA-1 is the first prospective randomised 
trial showing that the early therapeutic targeting of bESR1mut 
results in significant clinical benefit. Additionally, the original 
design explored in PADA-1 might help with tackling acquired 
resistance with new drugs in future trials. 
Association between ER, PR and HER2 levels and outcome under 
palbociclib (Pal) + aromatase inhibitors (AIs) as first-line therapy 
for ER+ HER2- metastatic breast cancer (MBC): An exploratory 
analysis of the PADA-1 trial
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BACKGROUND: In 1st-line trials, the relative Progression Free 
Survival (PFS) benefit of adding CDK4/6 inhibitors to AI was 
consistent across all subgroups of patients (pts), including 
those with lower ER expression. However, little is known about 
the absolute PFS obtained under CDK4/6i and AI in pts with 
low ER expression and whether PR and HER2 expression 
impact PFS in this setting.
METHODS: PADA-1 is a phase III trial (NCT03079011) testing the 
clinical utility of ESR1mut detection in blood in ER ≥ 10% HER2- 
MBC pts receiving 1st- line Pal + AI. We investigated the 
association of locally-assessed ER (%), PR (%) and HER2 (0,1+,2+) 
IHC expression on the most recent tumor sample with PFS 
under Pal + AI.
RESULTS: Of 1017 pts, 12 (1.2%), 34 (3.5%), 181 (18.5%) & 751 (76.8%) 
had an ER% expression of [10-20%], [21-50%], [51-80%] & 

Aromatase inhibitors versus tamoxifen in  premenopausal 
women with oestrogen  receptor-positive early-stage breast 
cancer  treated with ovarian suppression: A patient-level   
meta-analysis of 7030 women from four  randomised trials
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BACKGROUND: For women with early-stage oestrogen 
receptor (ER)-positive breast cancer, adjuvant tamoxifen 
reduces 15-year breast cancer mortality by a third. Aromatase 
inhibitors are more effective than tamoxifen in 
postmenopausal women but are ineffective in premenopausal 
women when used without ovarian suppression. We aimed to 
investigate whether premenopausal women treated with 
ovarian suppression benefit from aromatase inhibitors. 
METHODS: We did a meta-analysis of individual patient data 
from randomised trials comparing aromatase inhibitors 
(anastrozole, exemestane, or letrozole) versus tamoxifen for 3 or 
5 years in premenopausal women with ER-positive breast 
cancer receiving ovarian suppression (goserelin or triptorelin) 
or ablation. We collected data on baseline characteristics, dates 
and sites of any breast cancer recurrence or second primary 
cancer, and dates and causes of death. Primary outcomes were 
breast cancer recurrence (distant, locoregional, or 
contralateral), breast cancer mortality, death without 
recurrence, and all-cause mortality. As distant recurrence 
invariably results in death from breast cancer several years 
after the occurrence, whereas locoregional recurrence and 
new contralateral breast cancer are not usually fatal, the 

distant recurrence analysis is shown separately. Standard 
intention-to-treat log-rank analyses estimated first-event rate 
ratios (RR) and their confidence intervals (CIs). 
FINDINGS: We obtained data from all four identified trials 
(ABCSG XII, SOFT, TEXT, and HOBOE trials), which included 
7030 women with ER-positive tumours enrolled between June 
17, 1999, and Aug 4, 2015. Median follow-up was 8·0 years (IQR 
6·1–9·3). The rate of breast cancer recurrence was lower for 
women allocated to an aromatase inhibitor than for women 
assigned to tamoxifen (RR 0·79, 95% CI 0·69–0·90, p=0·0005). 
The main benefit was seen in years 0–4 (RR 0·68, 99% CI 
0·55–0·85; p<0·0001), the period when treatments differed, with 
a 3·2% (95% CI 1·8–4·5) absolute reduction in 5-year recurrence 
risk (6·9% vs 10·1%). There was no further benefit, or loss of 
benefit, in years 5–9 (RR 0·98, 99% CI 0·73–1·33, p=0·89) or 
beyond year 10. Distant recurrence was reduced with 
aromatase inhibitor (RR 0·83, 95% CI 0·71–0·97; p=0·018). No 
significant differences were observed between treatments for 
breast cancer mortality (RR 1·01, 95% CI 0·82–1·24; p=0·94), death 
without recurrence (1·30, 0·75–2·25; p=0·34), or all-cause 
mortality (1·04, 0·86–1·27; p=0·68). There were more bone 
fractures with aromatase inhibitor than with tamoxifen (227 
[6·4%] of 3528 women allocated to an aromatase inhibitor vs 
180 [5·1%] of 3502 women allocated to tamoxifen; RR 1·27 [95% CI 
1·04–1·54]; p=0·017). Non-breast cancer deaths (30 [0·9%] vs 24 
[0·7%]; 1·30 [0·75–2·25]; p=0·36) and endometrial cancer (seven 
[0·2%] vs 15 [0·3%]; 0·52 [0·22–1·23]; p=0·14) were rare.
INTERPRETATION: Using an aromatase inhibitor rather than 
tamoxifen in premenopausal women receiving ovarian 
suppression reduces the risk of breast cancer recurrence. 

[81-100%], respectively. N=249 pts (29.2%), 148 (17.3%), 186 (21.8%) 
& 270 (31.6%) had a PR% of [0-20%], [21-50%], [51-80%] & 
[81-100%], respectively (Allred scores will be presented). 
Available HER2 IHC scores were 0 & 1+/2+ in 357 (54.6%) & 296 
(45.4%) pts, respectively. In univariate analysis, after a mFU of 
28.1 months and 527 PFS events (51.8%) under Pal + AI, mPFS in 
pts with [10-50%], [51-80%] & [81-100%] ER IHC were 14.1, 21.6 & 
30.1 months, respectively. mPFS in pts with [0-50%], [51-80%] & 
[81-100%] PR IHC were 20.6, 27.1 and 42.6 months, respectively. 
Longer PFS were observed in HER2(1/2+) vs (0) MBC (HR=0.79 
[0.64;0.98]). In multivariate analysis, aside standard prognostic 
factors (PS, age, visceral disease, number of metastatic site, 
DMFI), both ER% and PR% had an independent prognostic 
impact: each +10% gain in ER% was associated with a reduced 
10% risk of PFS event under Pal + AI (HR=0.90, 95%CI [0.84;0.96], 
p=0.002); each +10% gain in PR% was associated with a reduced 
8% risk of PFS event under Pal + AI (HR=0.92, 95%CI [0.90;0.95], 
p<0.001).
CONCLUSIONS: ER and PR IHC %have significant, independent 
and similar impact on PFS achieved under 1st line by Pal + AI. 
The 14.1 months absolute mPFS obtained among pts with ER 
IHC <50% suggests that CDK4/6i + AI remains a good 
treatment option in this patient population.
Venous and arterial thrombosis associated with abemaciclib 
therapy for metastatic breast cancer

Citation: Cancer. 2022 Sep 1;128(17):3224-3232. 
Author: Nathan W. Watson
BACKGROUND: The CDK4/6 inhibitor abemaciclib is a mainstay 
of treatment for hormone receptor-positive breast cancer. 

However, increased venous thromboembolism (VTE) rates in 
multiple clinical trials resulted in a black-box warning for this 
agent. Thrombosis rates in unselected real-world populations 
receiving abemaciclib remain ill defined.
METHODS: A multicenter observational cohort study was 
conducted of patients with metastatic breast cancer receiving 
abemaciclib. The primary end point was thrombosis during 
treatment or within 30 days of discontinuation. Multivariable 
logistic models assessed predictors of VTE, and a multivariable 
Cox proportional hazards model assessed mortality.
RESULTS: A total of 364 patients were included, with a median 
treatment duration of 5.5 months. Twenty-six patients 
developed 27 (7.4%) thrombotic events (17 VTE, nine arterial 
thrombosis, and one with both events). No baseline 
characteristics were associated with increased VTE risk in 
multivariable modeling. Patients developing VTE during 
therapy had a higher risk of death than those who did not 
(hazard ratio, 2.09; 95% CI, 1.07-4.13). Median survival in patients 
who developed VTE compared with those who did not was 9.6 
vs 25.8 months, respectively. The rate of VTE and any 
thrombosis during abemaciclib therapy was 9.1 and 13.7 events 
per 100 person-years, respectively, which is notably higher than 
rates observed in clinical trials.
CONCLUSIONS: In a real-world setting, abemaciclib was 
associated with a VTE rate approximately two-fold greater than 
the already elevated rates reported in the MONARCH trials. 
Patients developing thrombosis on abemaciclib had a 
significantly higher risk of death. Given these findings, studies 
evaluating the role of thromboprophylaxis in patients receiving 
abemaciclib are needed.

KEYWORDS: CDK 4/6 inhibitors; abemaciclib; arterial 
thrombosis; breast cancer; venous thromboembolism.
Fulvestrant plus capivasertib versus fulvestrant  plus placebo 
after relapse or progression on an  aromatase inhibitor in 
metastatic, estrogen  receptor–positive breast cancer 
(FAKTION):  Overall survival and updated progression-free  
survival data with enhanced biomarker analysis

Citation: ASCO 2022 Abstract 1005
Author: Robert Hugh Jones
BACKGROUND: Capivasertib, an AKT inhibitor, added to 
fulvestrant, was previously reported to improve 
progression-free survival in women with aromatase 
inhibitor-resistant oestrogen receptor (ER)-positive, 
HER2-negative advanced breast cancer. The benefit appeared 
to be independent of the phosphoinositide 3-kinase 
(PI3K)/AKT/phosphatase and tensin homologue (PTEN) 
pathway alteration status of tumours, as ascertained using 
assays available at the time. Here, we report updated 
progression-free survival and overall survival results, and a 
prespecified examination of the effect of PI3K/AKT/PTEN 
pathway alterations identified by an expanded genetic testing 
panel on treatment outcomes.
METHODS: This randomised, multicentre, double-blind, 
placebo-controlled, phase 2 trial recruited postmenopausal 
adult women aged at least 18 years with ER-positive, 
HER2-negative, metastatic or locally advanced inoperable 
breast cancer and an Eastern Cooperative Oncology Group 
performance status of 0-2, who had relapsed or progressed on 
an aromatase inhibitor, from across 19 hospitals in the UK. 

Participants were randomly assigned (1:1) to receive 
intramuscular fulvestrant 500 mg (day 1) every 28 days (plus a 
500 mg loading dose on day 15 of cycle 1) with either 
capivasertib 400 mg or matching placebo, orally twice daily on 
an intermittent weekly schedule of 4 days on and 3 days off, 
starting on cycle 1 day 15. Treatment continued until disease 
progression, unacceptable toxicity, loss to follow-up, or 
withdrawal of consent. Treatment was allocated by an 
interactive web-response system using a minimisation 
method (with a 20% random element) and the following 
minimisation factors: measurable or non-measurable disease, 
primary or secondary aromatase inhibitor resistance, PIK3CA 
status, and PTEN status. The primary endpoint was 
progression-free survival in the intention-to-treat population. 
Secondary endpoints shown in this Article were overall survival 
and safety in the intention-to-treat population, and the effect 
of tumour PI3K/AKT/PTEN pathway status identified by an 
expanded testing panel that included next-generation 
sequencing assays. Recruitment is complete. The trial is 
registered with ClinicalTrials.gov, number NCT01992952.
FINDINGS: Between March 16, 2015, and March 6, 2018, 183 
participants were screened for eligibility and 140 (77%) were 
randomly assigned to receive fulvestrant plus capivasertib 
(n=69) or fulvestrant plus placebo (n=71). Median follow-up at 
the data cut-off of Nov 25, 2021, was 58·5 months (IQR 45·9-64·1) 
for participants treated with fulvestrant plus capivasertib and 
62·3 months (IQR 62·1-70·3) for fulvestrant plus placebo. 
Updated median progression-free survival was 10·3 months 
(95% CI 5·0-13·4) in the group receiving fulvestrant plus 
capivasertib compared with 4·8 months (3·1-7·9) for fulvestrant 

plus placebo (adjusted hazard ratio [HR] 0·56 [95% CI 0·38-0·81]; 
two-sided p=0·0023). Median overall survival in the capivasertib 
versus placebo groups was 29·3 months (95% CI 23·7-39·0) 
versus 23·4 months (18·7-32·7; adjusted HR 0·66 [95% CI 
0·45-0·97]; two-sided p=0·035). The expanded biomarker panel 
identified an expanded pathway-altered subgroup that 
contained 76 participants (54% of the intention-to-treat 
population). Median progression-free survival in the expanded 
pathway-altered subgroup for participants receiving 
capivasertib (n=39) was 12·8 months (95% CI 6·6-18·8) compared 
with 4·6 months (2·8-7·9) in the placebo group (n=37; adjusted 
HR 0·44 [95% CI 0·26-0·72]; two-sided p=0·0014). Median overall 
survival for the expanded pathway-altered subgroup receiving 
capivasertib was 38·9 months (95% CI 23·3-50·7) compared with 
20·0 months (14·8-31·4) for those receiving placebo (adjusted 
HR 0·46 [95% CI 0·27-0·79]; two-sided p=0·0047). By contrast, 
there were no statistically significant differences in 
progression-free or overall survival in the expanded pathway 
non-altered subgroup treated with capivasertib (n=30) versus 
placebo (n=34). One additional serious adverse event 
(pneumonia) in the capivasertib group had occurred 
subsequent to the primary analysis. One death, due to atypical 
pulmonary infection, was assessed as possibly related to 
capivasertib treatment.
INTERPRETATION: Updated FAKTION data showed that 
capivasertib addition to fulvestrant extends the survival of 
participants with aromatase inhibitor-resistant ER-positive, 
HER2-negative advanced breast cancer. The expanded 
biomarker testing suggested that capivasertib predominantly 
benefits patients with PI3K/AKT/PTEN pathway-altered 

tumours. Phase 3 data are needed to substantiate the results, 
including in patients with previous CDK4/6 inhibitor exposure 
who were not included in the FAKTION trial.
A randomized, phase II trial of fulvestrant or  exemestane with or 
without ribociclib after  progression on anti-estrogen therapy 
plus  cyclin-dependent kinase 4/6 inhibition (CDK  4/6i) in 
patients (pts) with unresectable or  hormone receptor–positive 
(HR+), HER2-negative metastatic breast cancer (MBC):  
MAINTAIN trial

Citation: ASCO 2022 LBA1003
Author: Kevin Kalinsky
BACKGROUND: CDK 4/6i has demonstrated benefit in 
progression free survival (PFS) and overall survival (OS) in pts 
with HR+, HER2- MBC when combined with endocrine therapy 
(ET). While observational data demonstrate a potential benefit 
of continuing CDK 4/6i and switching ET at progression, no 
prospective trials have evaluated this approach. We conducted 
a phase II, multi-center, randomized, trial to evaluate the 
efficacy of fulvestrant or exemestane +/- ribociclib in pts with 
HR+HER2- MBC whose cancer previously progressed on any 
CDK 4/6i + any ET.
METHODS :In this investigator-initiated, phase II, double-blind, 
placebo-controlled trial, men or women with measurable or 
non-measurable HR+/HER2- MBC whose cancer progressed 
during CDK 4/6i and ET were randomized 1:1 to fulvestrant or 
exemestane +/- ribociclib. Pts treated with prior fulvestrant 
received exemestane as ET in the randomization; if prior 
exemestane fulvestrant was the ET; if neither, fulvestrant or 
exemestane was per investigator discretion, though fulvestrant 

was encouraged. PFS was the primary endpoint, defined as 
time from randomization to progression of disease or death. A 
one-sided log-rank test with a sample size of 120 randomized 
and evaluable pts with a significance level alpha of 2.5%, 
achieves 80% power to detect an effect size (difference in PFS) 
of 3 months.
RESULTS: Of the 120 randomized evaluable pts, 1 pt was 
removed due to not taking ET along with ribociclib/placebo. All 
but 1 pt was female, the median age was 57.0 years, 88 pts (74%) 
were white, and 21 (17.6%) were Hispanic. For ET, 99 pts received 
fulvestrant (83%) and 20 pts exemestane (17%). In terms of prior 
CDK 4/6i, 100 pts previously received palbociclib (84%), 13 
pribociclib (11%), 2 abemaciclib (2%), and 4 palbociclib and 
another CDK 4/6i (3%). There was a statistically significant PFS 
improvement for pts randomized to fulvestrant or exemestane 
+ ribociclib [median: 5.33 months, 95% CI (Confidence Interval): 
3.25–8.12 months] vs. placebo (median: 2.76 months, 95% CI: 
2.66–3.25 months): Hazard Ratio (HR) = 0.56 (95% CI: 0.37-0.83), p 
= 0.004. Similar results were seen in the subset of pts treated 
with fulvestrant, with a median PFS for those randomized to 
ribociclib (5.29 months) vs. placebo (2.76 months), HR = 0.59 
(95% CI: 0.38-0.91), p = 0.02. At 6 months, 42% were 
progression-free on the ribociclib arm vs. 24% on placebo. At 12 
months, 25% were progression-free on the ribociclib arm vs. 7% 
on placebo. Additional endpoints will be reported, including 
overall response rate and safety. 
CONCLUSIONS: In this randomized, placebo-controlled trial, 
there was a significant PFS benefit for pts with HR+/HER2- 
MBC to switch ET and receive ribociclib after progression on 
CDK 4/6i.

Real-world study of overall survival with palbociclib plus 
aromatase inhibitor in HR+/HER2− metastatic breast cancer 
Citation: npj Breast Cancer (2022) 8:114
Author Hope S: . Rugo
Data on real-world effectiveness of cyclin-dependent kinase 
4/6 inhibitor combination therapy versus endocrine therapy 
alone are limited. The Flatiron Health Analytic Database was 
used to assess overall survival (OS) in patients with hormone 
receptor-positive/human epidermal growth factor receptor 
2-negative (HR+/HER2-) metastatic breast cancer (MBC) 
treated with first-line palbociclib plus an aromatase inhibitor 
(AI) versus an AI alone in routine US clinical practice. In total, 
2888 patients initiated treatment during February 3, 
2015-March 31, 2020, with a potential ≥6-month follow-up 
(cutoff date, September 30, 2020). After stabilized inverse 
probability treatment weighting, median OS (95% CI) is 
significantly longer among palbociclib versus AI recipients (49.1 
[45.2-57.7] versus 43.2 [37.6-48.0] months; hazard ratio, 0.76 
[95% CI, 0.65-0.87]; P < 0.0001). Progression-free survival (95% 
CI) is 19.3 (17.5-20.7) versus 13.9 (12.5-15.2) months, respectively 
(hazard ratio, 0.70 [95% CI, 0.62-0.78]; P < 0.0001). These data 
support first-line palbociclib plus an AI treatment for 
HR+/HER2- MBC.(Trial number NCT05361655).
Daily Oral Ibandronate With Adjuvant  Endocrine Therapy in 
Postmenopausal Women  with Estrogen Receptor–Positive 
Breast Cancer  (BOOG 2006-04): Randomized Phase III  
TEAM-IIB Trial
Citation: Journal of Clinical Oncology 40, no. 25  (September 
01, 2022) 2934-2945
Author: Sonja B. Vliek

PURPOSE: For postmenopausal patients with breast cancer, 
previous subgroup analyses have shown a modest benefit 
from adjuvant bisphosphonate treatment. However, the 
efficacy of oral nitrogen-containing bisphosphonates such as 
ibandronate is unclear in this setting. TEAM-IIB investigates 
adjuvant ibandronate in postmenopausal women with 
estrogen receptor–positive (ER1) breast cancer.
METHODS: TEAM-IIB is a randomized, open-label, multicenter 
phase III study. Postmenopausal women with stage I-III ER1 
breast cancer and an indication for adjuvant endocrine therapy 
(ET) were randomly assigned 1:1 to 5 years of ET with or without 
oral ibandronate 50 mg once daily for 3 years. Major ineligibility 
criteria were bilateral breast cancer, active gastroesophageal 
problems, and health conditions that might interfere with 
study treatment. Primary end point was disease-free survival 
(DFS), analyzed in the intention-to-treat population.
RESULTS: Between February 1, 2007, and May 27, 2014, 1,116 
patients were enrolled, 565 to ET with ibandronate 
(ibandronate arm) and 551 to ET alone (control arm). Median 
follow-up was 8.5 years. DFS was not significantly different 
between the ibandronate and control arms (HR, 0.97; 95% CI, 
0.76 to 1.24; log-rank P 5 .811). Three years after random 
assignment, DFS was 94% in the ibandronate arm and 91% in 
the control arm. Five years after random assignment, this was 
89% and 86%, respectively. In the ibandronate arm, 97/565 (17%) 
of patients stopped ibandronate early because of adverse 
events. Significantly more patients experienced GI issues, 
mainly dyspepsia, in the ibandronate arm than in the control 
arm (89 [16%] and 54 [10%], respectively; P , .003). Eleven 
patients in the ibandronate arm developed osteonecrosis of 
the jaw.

CONCLUSION: In postmenopausal women with ER1 breast 
cancer, adjuvant ibandronate 50 mg once daily does not 
improve DFS and should not be recommended as part of 
standard treatment regimens.
Everolimus Added to Adjuvant Endocrine  Therapy in Patients 
With High-Risk Hormone  Receptor-Positive, HER2-ve Primary 
Breast  Cancer

Citation: J Clin Oncol. 2022 Nov 10;40(32):3699-3708
Author: Thomas Bachelot
PURPOSE: Everolimus, an oral inhibitor of the mammalian 
target of rapamycin, improves progression-free survival in 
combination with endocrine therapy (ET) in postmenopausal 
women with aromatase inhibitor–resistant metastatic breast 
cancer. However, the benefit of adding everolimus to ET in the 
adjuvant setting in early breast cancer is unknown.
PATIENTS AND METHODS: In this randomized double-blind 
phase III study, women with high-risk, hormone 
receptor–positive, human epidermal growth factor receptor 
2–negative primary breast cancer were randomly assigned to 
everolimus or placebo for 2 years combined with standard ET. 
Stratification factors included ET agent, receipt of neoadjuvant 
versus adjuvant chemotherapy, progesterone receptor status, 
duration of ET before random assignment, and lymph node 
involvement. The primary end point was disease-free survival 
(DFS). The trial is registered with ClinicalTrials.gov (identifier: 
NCT01805271).
RESULTS: Between June 2013 and March 2020, 1,278 patients 
were randomly allocated to receive everolimus or placebo. At 
the first interim analysis, the trial was stopped for futility and a 

full analysis undertaken once data snapshot complete. One 
hundred forty-seven patie